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DIGITAL MATCHED FILTER 

TECHNICAL FIELD 

The present invention relates to a digital matched filter, 
and more particularly to a digital matched filter Suitable for 
use as a correlation detector which performs correlation 
detection of a Spectrum spread signal in a portable telephone 
or the like. 

BACKGROUND ART 

In a spectrum spread communication based on a code 
division multiplex access (CDMA) system which has been 
Studied for use in the portable telephone or the like, a 
matched filter is used when a spectrum spread signal is 
demodulated to an original narrow-band signal (for 
example, “LSI, 110 mw for Digital Portable Telephone 
CDMA and Reduction of Consumption Power', Nikkei 
Electronics, No. 656, pp. 14-15, February, 1996). 

FIG. 1 is a block diagram showing a conventional 
example of an eight-times spread 8-order digital matched 
filter constructed by using a FIR digital filter (for example, 
“Spectrum Spread Handbook Edition No. 4”, Stanford Tele 
com Inc., 1996). A transfer function H(Z) of this digital 
matched filter is expressed by the following equation. 

This digital matched filter comprises a Signal input ter 
minal 1, a clock input terminal 2, a tapped shift register 10 
including first to seventh flip-flop sets 11-17, first to eighth 
multipliers 21-28, first to seventh adders 31-37, and an 
output terminal 5. Here, each of the first to seventh flip-flop 
Sets 11-17 constituting the tapped shift register 10 includes 
6 flip-flops connected in parallel to each other. 
A digital Signal I generated by Sampling an analog signal 

(for example, a spectrum spread signal) at a sampling 
frequency of 4.096 MHz is inputted to the signal input 
terminal 1. The digital signal I, is a 6-bit digital Signal in 
terms of two's complement that is Synchronous with a clock 
CLK of 4.096 MHz inputted to the clock input terminal 2. 
The digital signal I is applied to the first flip-flop set 11 of 
the tapped shift register 10, and then is Sequentially shifted 
from the first flip-flop set 11 toward the seventh flip-flop set 
17 in synchronism with the clock CLK. 

Each of the first to eighth multipliers 21-28 is a multiplier 
for 6 bitsx1 bit, and outputs an output signal of 6 bits. In the 
first multiplier 21, multiplication of the digital signal I (6 
bits) by a despreading code Co (1 bit) of an 8-bit despreading 
code sequence C, C C C C C C C is carried out. In 
the Second to eighth multipliers 22–28, multiplication opera 
tions of output signals of the first to Seventh flip-flop Sets 
11-17 by the despreading codes C-C, are carried out, 
respectively. 

For example, when the despreading code indicates “0”, 
the multiplication operations of the digital Signal I, and the 
output signals of the first to seventh flip-flop sets 11-17 by 
“-1” are carried out in the multipliers 21-28, respectively. 
When the despreading code indicates “1”, the multiplication 
operations of the digital Signal I, and the output Signals of 
the first to seventh flip-flop sets 11-17 by “1” are carried out, 
respectively. The method of the multiplication operations in 
the multipliers 21-28 is not limited to this. For example, 
when the despreading code indicates “0”, the multiplication 
operations of the digital Signal I, and the output Signals of 
the first to seventh flip-flop sets 11-17 by “1” may be carried 
out, respectively. When the despreading code indicates “1”, 
the multiplication operations of the digital Signal I, and the 
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2 
output signals of the first to seventh flip-flops 11-17 by “-1” 
may be carried out, respectively. 
The procedure for the multiplication in each of the 

multipliers 21-28 will be described hereunder with refer 
ence to FIG. 2. 

In the initial State, all of the output Signals of the first to 
seventh flip-flop sets 11-17 constituting the tapped shift 
register 10 are rendered to be “0”. 

In the first operation State, a first Sampling data Do of the 
digital Signal I, is inputted to the Signal input terminal 1, and 
then the multiplication of the Sampling data Do by the 
despreading code Co is carried out in the first multiplier 21. 
Accordingly, an output signal indicative of a value of DoxCo 
is outputted from the first multiplier 21. 

In the Second operation State, a Second Sampling data D 
of the digital signal I is inputted to the signal input terminal 
1 in Synchronism with the clock CLK, and the first Sampling 
data Do is fetched in the first flip-flop set 11. As a result, the 
multiplication of the Second Sampling data DI by the 
despreading code Co is carried out in the first multiplier 21, 
and the multiplication of the first sampling data Do by the 
despreading code C is carried out in the Second multiplier 
22. Accordingly, an output signal indicative of a value of 
DxCo is outputted from the first multiplier 21, and an 
output signal indicative of a value of DoxC is outputted 
from the second multiplier 22. 

In the third operation State, a third Sampling data D of the 
digital signal I is inputted to the signal input terminal 1 in 
Synchronism with the clock CLK, the first Sampling data Do 
is fetched in the Second flip-flop Set 12, and the Second 
Sampling data D is fetched in the first flip-flop Set 11. AS a 
result, the multiplication of the third Sampling data D by the 
despreading code Co is carried out in the first multiplier 21, 
the multiplication of the Second Sampling data D by the 
despreading code C is carried out in the Second multiplier 
22, and the multiplication of the first Sampling data Do by the 
despreading code C is carried out in the third multiplier 23. 
Accordingly, an output signal indicative of a value of DXCo 
is outputted from the first multiplier 21, an output Signal 
indicative of a value of DXC is outputted from the Second 
multiplier 22, and an output Signal indicative of a value of 
Dox C is outputted from the third multiplier 23. 
Subsequently, a similar operation is repeated until a Seventh 
operation State. 

In the eighth operation State, an eighth Sampling data D7 
of the digital Signal I, is inputted to the Signal input terminal 
1 in synchronism with the clock CLK, and the first to 
Seventh Sampling data Do-Do are fetched in the Seventh to 
first flip-flop Sets 17-11, respectively. Accordingly, an out 
put Signal indicative of a value of D7xCo is outputted from 
the first multiplier 21, an output Signal indicative of a value 
of DXC is outputted from the Second multiplier 22, an 
output signal indicative of a value of DXC is outputted 
from the third multiplier 23, an output Signal indicative of a 
value of DXC is outputted from the fourth multiplier 24, an 
output signal indicative of a value of DXC is outputted 
from the fifth multiplier 25, an output signal indicative of a 
value of DXCs is outputted from the sixth multiplier 26, an 
output signal indicative of a value of DXC is outputted 
from the Seventh multiplier 27, and an output Signal indica 
tive of a value of DoxC, is outputted from the eighth 
multiplier 28. 
Through the above operation, the multiplication opera 

tions necessary to determine a correlation value between the 
initial 8 Sampling data Do-D, of the digital Signal I, and the 
8-bit despreading code Sequence C C C C C C C Co 
are all carried out. 
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In the ninth operation State, a ninth Sampling data Ds of 
the digital signal I is inputted to the Signal input terminal 1 
in synchronism with the clock CLK, and the second to 
eighth Sampling data D-D, are fetched in the Seventh to 
first flip-flop Sets 17-11, respectively. Accordingly, an out 
put Signal indicative of a value of DixCo is outputted from 
the first multiplier 21, an output Signal indicative of a value 
of DXC is outputted from the Second multiplier 22, an 
output signal indicative of a value of DXC is outputted 
from the third multiplier 23, an output Signal indicative of a 
value of DXC is outputted from the fourth multiplier 24, an 
output signal indicative of a value of DXC is outputted 
from the fifth multiplier 25, an output signal indicative of a 
value of DXC is outputted from the sixth multiplier 26, an 
output signal indicative of a value of DXC is outputted 
from the Seventh multiplier 27, and an output Signal indica 
tive of a value of DXC, is outputted from the eighth 
multiplier 28. As a result, the multiplication operations 
necessary to determine a correlation value of 8 Sampling 
data D-Ds, which are one Sampling after the initial 8 
Sampling data Do-D, of the digital signal I, and the 8-bit 
despreading code Sequence C, C, Cs C C C C Co are all 
carried out. Subsequently, a similar operation is repeated. 

Each of the first to fourth adders 31-34 is an adder for 6 
bits+6 bits, and outputs an output signal of 7 bits. Each of the 
fifth and sixth adders 35 and 36 is an adder for 7 bits+7 bits, 
and outputs an output signal of 8 bits. The seventh adder 37 
is an adder for 8 bits+8 bits, and outputs an output Signal of 
9 bits. In the first adder 31, addition of the output signal (6 
bits) of the first multiplier 21 and the output signal (6 bits) 
of the Second multiplier 22 is carried out. In the Second adder 
32, addition of the output signal (6 bits) of the third 
multiplier 23 and the output signal (6 bits) of the fourth 
multiplier 24 is carried out. In the third adder 33, addition of 
the output signal (6 bits) of the fifth multiplier 25 and the 
output signal (6 bits) of the sixth multiplier 26 is carried out. 
In the fourth adder 34, addition of the output signal (6 bits) 
of the seventh multiplier 27 and the output signal (6 bits) of 
the eighth multiplier 28 is carried out. In the fifth adder 35, 
addition of the output signal (7 bits) of the first adder 31 and 
the output signal (7 bits) of the second adder 32 is carried 
out. In the sixth adder 36, addition of the output signal (7 
bits) of the third adder 33 and the output signal (7 bits) of the 
fourth adder 34 is carried out. In the seventh adder 37, 
addition of the output signal (8bits) of the fifth adder 35 and 
the output signal (8bits) of the sixth adder 36 is carried out. 
As a result, a correlation value MFOUT between the digital 
Signal I, and the despreading code Sequence C7 Cs Cs C. C. 
C. C C is obtained in the seventh adder 37, and is 
outputted to the outside through the output terminal 5. 

Next, a digital matched filter used when a receiving Signal 
is over-sampled will be described. 

In a case where the receiving timing is detected by 
performing the correlation detection of the receiving Signal 
in the portable telephone or the like, in order to improve the 
accuracy of the receiving timing detection, the receiving 
Signal is usually m-times over-Sampled in relation to a chip 
rate frequency, and then is inputted to the matched filter. 
When the receiving Signal is doubly over-Sampled, a transfer 
function H(Z) is expressed by the following equation. 

FIG. 3 is a block diagram showing a conventional 
example of an eight-times spread 16-order digital matched 
filter constructed by using an FIR 2-times over-Sampling 
interpolation digital filter. The digital matched filter com 
prises a signal input terminal 101, a clock input terminal 
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4 
102, a tapped shift register 110 including first to fourteenth 
flip-flop sets 111-124, first to eighth multipliers 131-138, 
first to seventh adders 141-147, and an output terminal 105. 
Here, each of the first to fourteenth flip-flop sets 111-124 
constituting the tapped shift register 110 includes 6 flip-flops 
connected in parallel to each other. 
A digital Signal I generated by doubly over-Sampling an 

analog signal (for example, a spectrum spread signal) at a 
sampling frequency of 8.192 MHZ is inputted to the signal 
input terminal 101. The digital signal I is a 6-bit digital 
Signal in terms of two's complement that is Synchronous 
with a clock CLK of 8.192 MHz inputted to the clock input 
terminal 102. The digital signal I is applied to the first 
flip-flop set 111 of the tapped shift register 110, and then is 
sequentially shifted from the first flip-flop set 111 toward the 
fourteenth flip-flop set 124 in synchronism with the clock 
CLK. 

Each of the first to eighth multipliers 131-138 is a 
multiplier for 6 bitSX1 bit, and outputs an output Signal of 6 
bits. In the first multiplier 131, multiplication of the digital 
Signal I (6 bits) by a despreading code Co (1 bit) of an 8-bit 
despreading code Sequence C, C C C C C C Co is 
carried out. In the second to eighth multipliers 132-138, 
multiplication operations of output signals of the even 
flip-flop sets 112, 114, 116, 118, 120, 122 and 124 of the 
tapped shift register 110 by despreading codes C-C7 are 
carried out, respectively. 

For example, when the despreading code indicates “0”, 
the multiplication operations of the digital signal I, and the 
output signals of the even flip-flop sets 112, 114, 116, 118, 
120, 122 and 124 by “-1” are carried out in the multipliers 
131-138, respectively. When the despreading code indicates 
“1”, the multiplication operations of the digital Signal I, and 
the output signals of the even flip-flop sets 112, 114, 116, 
118, 120, 122 and 124 by “1” are carried out, respectively. 
The method of multiplication in the multipliers 131-138 is 
not limited to this. For example, when the despreading code 
indicates “0”, the multiplication operations of the digital 
Signal I, and the output Signals of the even flip-flop Sets 112, 
114, 116, 118, 120, 122 and 124 by “1” may be carried out, 
respectively. When the despreading code indicates “1”, the 
multiplication operations of the digital Signal I, and the 
output signals of the even flip-flop sets 112, 114, 116, 118, 
120, 122 and 124 by “-1” may be carried out, respectively. 

Each of the first to fourth adders 141-144 is an adder for 
6 bits+6 bits, and outputs an output signal of 7 bits. Each of 
the fifth and sixth adders 145 and 146 is an adder for 7 bits+7 
bits, and outputs an output signal of 8 bits. The Seventh 
adder 147 is an adder for 8 bits+8 bits, and outputs an output 
signal of 9 bits. In the first adder 141, addition of the output 
signal (6 bits) of the first multiplier 131 and the output signal 
(6 bits) of the second multiplier 132 is carried out. In the 
second adder 142, addition of the output signal (6 bits) of the 
third multiplier 133 and the output signal (6 bits) of the 
fourth multiplier 134 is carried out. In the third adder 143, 
addition of the output signal (6 bits) of the fifth multiplier 
135 and the output signal (6 bits) of the sixth multiplier 136 
is carried out. In the fourth adder 144, addition of the output 
signal (6 bits) of the seventh multiplier 137 and the output 
signal (6 bits) of the eighth multiplier 138 is carried out. In 
the fifth adder 145, addition of the output signal (7 bits) of 
the first adder 141 and the output signal (7 bits) of the second 
adder 142 is carried out. In the sixth adder 146, addition of 
the output signal (7 bits) of the third adder 143 and the 
output signal (7 bits) of the fourth adder 144 is carried out. 
In the seventh adder 147, addition of the output signal (8 
bits) of the fifth adder 145 and the output signal (8 bits) of 
the sixth adder 146 is carried out. 
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In this digital matched filter, a correlation value MFOUT 
between the digital signal I, and the despreading code 
Sequence C C C C C C C Co is obtained in the Seventh 
adder 147, and is outputted to the outside through the output 
terminal 105, too. In the digital matched filter, the correla 
tion value MFOUT can be obtained each time that the clock 
CLK of 8.192 MHZ is inputted to the clock input terminal 
102, So that the correlation value MFOUT can be obtained 
at a time interval which is half the time interval in the digital 
matched filter shown in FIG. 1. 

However, the conventional digital matched filters shown 
in FIGS. 1 and 3 face a fatal problem that consumption 
power is large. Namely, in the conventional digital matched 
filter shown in FIG. 1, in order to obtain the correlation value 
MFOUT between the digital signal I, and the despreading 
code sequence C, C C C C C C Co the tapped shift 
register 10 including the first to seventh flip-flop sets 11-17 
is used as a tapped delay line unit. As a result, the tapped 
shift register 10 is operated in synchronism with the clock 
CLK of 4.096 MHz, so that consumption power increases. 
In the conventional digital matched filter shown in FIG. 3, 
in order to obtain the correlation value MFOUT between the 
digital Signal I, and the despreading code Sequence C, CCs 
C. C C C Co, the tapped shift register 110 including the 
first to fourteenth flip-flop sets 111-124 is used as a tapped 
delay line unit. As a result, the tapped shift register 110 is 
operated in synchronism with the clock CLK of 8.192 MHz, 
So that consumption power further increases. 

In the correlation detector for the correlation detection of 
the Spectrum spread Signal in the portable telephone or the 
like, the correlation detection needs to be carried out for the 
in-phase channel and the quadrature channel, So that the 
correlation detector needs to be constructed by using two of 
the conventional digital matched filters as above. As a result, 
the correlation detector is constructed by using the conven 
tional digital matched filters shown in FIG. 1 or 3, raising a 
problem that consumption power in the correlation detector 
is increased. In addition, there arises a problem that the 
consumption power in the correlation detector increases in 
proportion to an increase in the bit number of digital Signal, 
an increase in the tap number of shift register and an increase 
in the number of interpolation processes. 

In order to reduce the consumption power in the corre 
lation detector, a matched filter for wide-band DS-CDMA 
fundamentally constructed on the basis of an analog/digital 
filter for performing the correlation detection through the 
analog signal processing has been developed (Sawahashi et 
al, “Low Power Consumption Matched Filter LSI for Wide 
band DS-CDMA”, Technical Study Report of the Institute of 
Electronic Information Communication (Radio 
Communication), RCS95-120, January, 1996). The matched 
filter for wide-band DS-CDMA, however, uses a tapped 
delay unit including a plurality of Sample-hold circuits 
inputted with an analog input Signal, and a plurality of 
multiplication circuits for performing multiplication opera 
tions of respective output signals of the tapped delay unit by 
a multiplicator represented by a digital Signal. Therefore, in 
a utilization Such as the portable telephone of the Spectrum 
Spread communication System in which the digital Signal 
processing predominantly proceeds, a digital matched filter 
which is totally constructed with digital circuits can be 
integrated more easily with peripheral circuits for digital 
Signal processing. 

Also, U.S. Pat. No. 5,396,446 discloses a digital filter 
circuit comprising a plurality of hold circuits which are 
respectively inputted with an input signal, a recursive tapped 
shift register for Storing multiplicators, a plurality of mul 
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6 
tipliers for multiplying output Signals of the plurality of hold 
circuits by output signals of the recursive tapped shift 
register, respectively, and an adder for adding output signals 
of the plurality of multipliers. However, the digital filter 
circuit is not devised with the aim of reducing consumption 
power as compared to the conventional digital matched filter 
using the tapped shift register as the tapped delay unit, but 
is devised with the aim of Suppressing the hold error to a 
minimum by constructing the hold circuit through the use of 
two differential amplifiers, two transistors and two capaci 
tors and controlling conduction/non-conduction of the two 
transistors with clocks which are in opposite phase with each 
other. Further, in the digital filter circuit, input data is 
cumulated and held in the capacitor of each hold circuit, So 
that the accuracy of holding the input data is degraded as 
compared to a case where input data is held by a digital 
circuit. Further, in the digital filter circuit, the hold circuit, 
the multiplier and the adder are constructed by using analog 
elements Such as capacitors. Therefore, in the utilization 
Such as the portable telephone of the Spectrum spread 
communication System in which the digital Signal proceSS 
ing predominantly proceeds, the digital matched filter which 
is totally constructed with digital circuits can be integrated 
more easily with peripheral circuits for digital signal pro 
cessing. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a digital 
matched filter which can be reduced in consumption power 
and which can be easily fabricated in the form of an LSI 
together with peripheral circuits for digital Signal processing 
even when used in the portable telephone or the like. 
A first digital matched filter according to the present 

invention is a digital matched filter for determining a cor 
relation value between an N-bit digital Signal, which is 
Synchronous with a clock, and a digital code Sequence which 
includes M digital codes, and comprises: 
a) first to M-th digital signal storing means applied with the 

N-bit digital Signal; 
b) digital write Selection means for Sequentially Selecting the 

first to M-th digital Signal Storing means one by one in 
synchronism with the clock to store the N-bit digital 
Signal in the Selected digital signal Storing means, 

c) a recursive shift register for digital code sequence having 
first to M-th Stages of code flip-flops connected in 
cascade, and being operative in Synchronism with the 
clock, wherein 
the M digital codes are stored in the first to M-th stages 

of code flip-flops, respectively, and 
an output terminal of the M-th Stage of code flip-flop is 

connected to an input terminal of the first stage of code 
flip-flop; 

d) first to M-th digital multiplication means for multiplying 
output signals of the first to M-th digital Signal Storing 
means by output signals of the first to M-th Stages of code 
flip-flops, respectively; and 

e) digital addition means for adding output signals of the first 
to M-th digital multiplication means. 
In the M-times spread M-order digital matched filter 

constructed by using a FIR digital filter, the digital Signal 
having a large bit number is not shifted in Synchronism with 
the clock, but the digital code is shifted in Synchronism with 
the clock to determine a correlation value between the two. 
AS a result, the first digital matched filter according to the 
present invention can greatly reduce consumption power 
during Storage of the digital Signal as compared to the 
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conventional digital matched filter in which the digital code 
is not shifted in synchronism with the clock but the digital 
Signal having the large bit number is shifted in Synchronism 
with the clock. 

8 
d) first to M-th digital Selection means for Sequentially 

Selecting and outputting output signals of the first to m-th 
digital Signal Storing means within one period of the 
Second clock every the M memory units, respectively; 

A second digital matched filter according to the present 5 e) a recursive shift register for digital code sequence having 
invention is a digital matched filter for determining a cor 
relation value between an N-bit digital Signal, which is 
over-Sampled by a first clock having a frequency which is 
m-times as large as a Second clock, and a digital code 
Sequence which includes M digital codes, and comprises: 
a) mxM digital signal Storing means applied with the N-bit 

digital signal; 
b) digital write Selecting means for Sequentially Selecting the 
mxM digital Signal Storing means one by one in Synchro 
nism with the first clock to store the N-bit digital signal in 
the Selected digital Signal Storing means, 

c) first to M-th digital selection means dividing the mxM 
digital Signal Storing means by m to divide the mxM 
digital Signal Storing means into M blocks to Sequentially 
Select and output output signals of the m digital Signal 
Storing means included in the M blocks within one period 
of the Second clock, 

d) a recursive shift register for digital code Sequence having 
first to M-th stages of code flip-flops which are connected 
in cascade, and being operative in Synchronism with the 
Second clock, wherein 
the M digital codes are stored in the first to M-th staged 

of code flip-flops, respectively, and 
an output terminal of the M-th Stage of code flip-flop is 

connected to an input terminal of the first stage of code 
flip-flop; 

e) first to M-th digital multiplication means for multiplying 
output signals of the first to M-th digital Selection means 
by output Signals of the first to M-th Stages of code 
flip-flops, respectively; and 

f) digital addition means for adding output signals of the first 
to M-th digital multiplication means. 
In the M-times spread (mxM)-order digital matched filter 

constructed by using an FIR m-times over-Sampling inter 
polation digital filter, the digital signal having a large bit 
number is not shifted in synchronism with the clock, but the 
digital code is shifted in Synchronism with the clock to 
determine a correlation value between the two. As a result, 
the Second digital matched filter according to the present 
invention can greatly reduce consumption power during 
Storage of the digital Signal as compared to the conventional 
digital matched filter in which the digital code is not shifted 
in Synchronism with the clock but the digital Signal having 
the large bit number is shifted in synchronism with the clock. 
A third digital matched filter according to the present 

invention is a digital matched filter for determining a cor 
relation value between an N-bit digital Signal, which is 
over-Sampled by a first clock having a frequency which is 
m-times as large as a Second clock, and a digital code 
Sequence which includes M digital codes, and comprises: 
a) Serial/parallel conversion means for Serial/parallel con 

Verting the digital Signal Serially inputted to output first to 
m-th digital Signals in parallel; 

b) first to m-th digital signal storage means applied with the 
first to m-th digital signals from the Serial/parallel con 
Version means, respectively, and having each M memory 
units, 

c) digital write Selection means for sequentially selecting the 
M memory units one by one in synchronism with the 
Second clock every the first to m-th digital Storage means 
to Store the respective first to M-th digital Signals in the 
respective Selected memory units, 
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first to M-th stages of code flip-flops which are connected 
in cascade, and being operative in Synchronism with the 
Second clock, wherein 
the M digital codes are stored in the first to M-th stages 

of code flip-flops, respectively, and 
an output terminal of the M-th Stage of code flip-flop is 

connected to an input terminal of the first stage of code 
flip-flop; 

f) first to M-th digital multiplication means for multiplying 
output Signals of the first to M-th digital Selection means 
by output signals of the first to M-th Stages of code 
flip-flops, respectively; and 

g) digital addition means for adding output signals of the 
first to M-th digital multiplication means. 
The third digital matched filter according to the present 

invention uses m M-times Spread M-order digital matched 
filters each constructed by using a FIR digital filter, and 
when correlation between the digital Signal over-Sampled by 
the first clock having a frequency which is m-times the 
Second frequency and the digital code is determined, each of 
the digital signals having a large bit number is not shifted in 
synchronism with the clock but the digital code is shifted in 
Synchronism with the clock to determine a correlation value 
between the two. As a result, consumption power during 
Storage of the digital Signal can be reduced greatly as 
compared to the conventional digital matched filter in which 
the digital code is not shifted in Synchronism with the clock 
but each of the digital signals having the large bit number is 
shifted in Synchronism with the clock to determine a corre 
lation value between the two. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing a conventional 
example of an eight-times spread 8-order digital matched 
filter constructed by using an FIR digital filter. 

FIG. 2 is a diagram for explaining the procedure for 
multiplication in the digital matched filter shown in FIG. 1. 

FIG. 3 is a block diagram showing a conventional 
example of an eight-times spread 16-order digital matched 
filter constructed by using an FIR 2-times over-Sampling 
interpolation digital filter. 

FIG. 4 is a block diagram showing a digital matched filter 
according to a first embodiment of the present invention. 

FIG. 5 is a diagram for explaining the procedure for 
multiplication in the digital matched filter shown in FIG. 4. 

FIG. 6 is a block diagram showing a write Selection circuit 
provided in a digital matched filter according to a Second 
embodiment of the present invention. 

FIG. 7 is a timing chart for explaining the operation of the 
write selection circuit shown in FIG. 6. 

FIG. 8 is a block diagram showing a digital matched filter 
according to a third embodiment of the present invention. 

FIG. 9 is a block diagram showing a digital matched filter 
according to a fourth embodiment of the present invention. 

FIG. 10 is a block diagram showing a digital matched 
filter according to a fifth embodiment of the present inven 
tion. 
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BEST MODE FOR CARRYING OUT THE 
INVENTION 

(First Embodiment) 
A digital matched filter according to a first embodiment of 

the present invention is an eight-times spread 8-order digital 
matched filter constructed by using an FIR digital filter. As 
shown in FIG. 4, it comprises a signal input terminal 201, a 
clock input terminal 202, a Storage Section 210 including 
first to eighth flip-flop sets 211-218, a write selection circuit 
220 constructed by using a recursive tapped shift register 
including first to eighth write Selecting flip-flopS 221-228, a 
despreading code Sequence shift register 230 constructed by 
using a recursive tapped shift register including first to 
eighth despreading code flip-flops 231-238, first to eighth 
multipliers 241-248, first to seventh adders 251-257, and an 
output terminal 205. Here, each of the first to eighth flip-flop 
sets 211-218 constituting the storage section 210 is com 
prised of 6 flip-flops connected in parallel to each other. 
A digital Signal I generated by Sampling an analog signal 

(for example, a spectrum spread signal) at a sampling 
frequency of 4.096 MHz is inputted to the signal input 
terminal 201. The digital Signal I, is a 6-bit digital Signal in 
terms of two's complement which is Synchronous with a 
clock CLK of 4.096 MHz inputted to the clock input 
terminal 202. 

Data input terminals D of the first to eighth flip-flop sets 
211-218 constituting the storage section 210 are applied 
with the digital signal I. Clock input terminals C of the first 
to eighth flip-flop sets 211-218 are applied with output 
Signals of the first to eighth write Selecting flip-flops 
221-228 constituting the write selection circuit 220, respec 
tively. 

In the initial State, desired one of the first to eighth write 
Selecting flip-flopS 221-228 constituting the write Selection 
circuit 220 is written with “1” (high level in logical value), 
and the other write selecting flip-flops are written with “0”, 
(low level in logical value). Hereinafter, for simplification of 
explanation, it is assumed that only the eighth write Selecting 
flip-flop 228 is written with “1” in the initial state. Clock 
input terminals C of the first to eighth write Selecting 
flip-flops 221-228 are applied with the clock CLK. When 
the clock CLK is applied to the clock input terminal C of the 
eighth write selecting flip-flop. 228, the “1” which has been 
written to the eighth write selecting flip-flop. 228 in the initial 
condition is shifted to the first write selecting flip-flop. 221. 
Subsequently, the “1” shifted to the first write selecting 
flip-flop 221 is sequentially shifted from the second write 
Selecting flip-flop. 222 toward the eighth write Selecting 
flip-flop 228 in synchronism with the clock CLK. Thereby, 
the “1” is sequentially applied to the clock input terminals C 
of the first to eighth flip-flop sets 211-218 constituting the 
storage section 210 in synchronism with the clock CLK, so 
that the digital Signal I, is Sequentially fetched and held in 
the first to eighth flip-flop sets 211-218 in synchronism with 
the clock CLK. 

The first to eighth despreading code Sequence flip-flops 
231-238 constituting the despreading code Sequence shift 
register 230 are written with despreading codes of an 8-bit 
despreading code Sequence C7 C C C C C C Co 
respectively. Hereinafter, for simplification of explanation, it 
is assumed that in the initial State, the despreading codes 
Co-C7 are Stored in the first to eighth despreading code 
flip-flops 231-238 in order of from the despreading code C, 
to the despreading code Co, respectively. 

Clock input terminals C of the first to eighth despreading 
code flip-flops 231-238 are applied with the clock CLK, and 
the despreading codes Co-C, Stored in the first to eighth 
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10 
despreading code flip-flops 231-238 are sequentially shifted 
from the first despreading code flip-flop. 231 toward the 
eighth despreading code flip-flop 238 in synchronism with 
the clock CLK. It is to be noted that a despreading code 
which has been shifted to the eighth despreading code 
flip-flop 238 is shifted to the first despreading code flip-flop 
231 in synchronism with the next clock CLK. Thereby, the 
despreading codes Co-C7 are outputted from the first to 
eighth despreading code flip-flops 231-238 while being 
sequentially shifted in synchronism with the clock CLK. 

Each of the first to eighth multipliers 241-248 is a 
multiplier for 6 bitSX1 bit, and outputs an output Signal of 6 
bits. In the first to eighth multipliers 241-248, multiplication 
operations of output signals (6 bits) of the first to eighth 
flip-flop sets 211-218 by the despreading codes (1 bit) 
outputted from the first to eighth despreading code flip-flops 
231-238 are carried out, respectively. For example, in the 
multipliers 241-248, when the despreading code indicates 
“1”, multiplication operations of the output signals of the 
first to eighth flip-flop sets 211-218 by “1” are carried out. 
When the despreading code indicates “0”, multiplication 
operations of the output signals of the first to eighth flip-flop 
sets 211-218 by “-1”, are carried out. 
The procedure for multiplication in the respective multi 

pliers 241-248 will be described hereunder with reference to 
FIG. 5. 

In the first operation State, a first Sampling data Do of the 
digital signal I is inputted to the signal input terminal 201 
in synchronism with the clock CLK. At the same time, the 
“1” which has been written in the eighth write selecting 
flip-flop 228 of the write selection circuit 220 in the initial 
state is shifted to the first write selecting flip-flop. 221 in 
Synchronism with the clock CLK. As a result, the “138 is 
applied to the clock input terminal C of only the first shift 
register set 211 of the storage section 210, and the first 
Sampling data Do is fetched and held in the first shift register 
Set 211. Also, the despreading code Co which has been Stored 
in the eighth despreading code flip-flop 238 of the despread 
ing code string shift register 230 in the initial state is shifted 
to the first despreading code flip-flop. 231 in Synchronism 
with the clock CLK. As a result, multiplication of the first 
Sampling data Do by the despreading code Co is carried out 
in the first multiplier 241. Accordingly, an output Signal 
indicative of a value of DoxCo is outputted from the first 
multiplier 241. 

In the Second operation State, a Second Sampling data D 
of the digital signal I is inputted to the signal input terminal 
201 in synchronism with the clock CLK. At the same time, 
the “1” which has been shifted to first write selecting 
flip-flop 221 of the write selection circuit 220 in the first 
operation State is shifted to the Second write Selecting 
flip-flop 222 in synchronism with the clock CLK. As a result, 
the “1” is applied to the clock input terminal C of only the 
Second shift register Set 212 of the Storage Section 210, and 
the Second Sampling data D is fetched and held in the 
second shift register set 212. At that time, in the first flip-flop 
set 211, the first sampling data Do which has been fetched 
thereto in the first operation State is held as it is. Also, the 
despreading codes Stored in the despreading code String shift 
register 230 are shifted in synchronism with the clock CLK. 
As a result, the despreading code Co which has been shifted 
to the first despreading code flip-flop. 231 in the first opera 
tion State is shifted to the Second despreading code flip-flop 
232, and the despreading code C which has been shifted to 
the eighth despreading code flip-flop 238 in the first opera 
tion State is shifted to the first despreading code flip-flop 
231. Consequently, multiplication of the Second Sampling 
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data D by the despreading code Co is carried out in the 
Second multiplier 242, and multiplication of the first Sam 
pling data Do by the despreading code C is carried out in the 
first multiplier 241. Accordingly, an output Signal indicative 
of a value of DXCo is outputted from the Second multiplier 
242, and an output signal indicative of a value of DoxC is 
outputted from the first multiplier 241. 

In the third operation State, a third Sampling data D of the 
digital signal I is inputted to the signal input terminal 201 
in synchronism with the clock CLK. At the same time, the 
“1” which has been shifted to the second write selecting 
flip-flop 222 of the write selection circuit 220 in the second 
operation State is shifted to the third write Selecting flip-flop 
223 in synchronism with the clock CLK. As a result, the “1” 
is applied to the clock input terminal C of only the third shift 
register set 213 of the storage section 210, and the third 
sampling data D is fetched and held in the third shift 
register set 213. At that time, in the first flip-flop set 211, the 
first Sampling data Do which has been fetched thereto in the 
first operation State is held as it is, and in the Second flip-flop 
Set 212, the Second sampling data D which has been fetched 
thereto in the Second operation State is held as it is. Also, the 
despreading codes Stored in the despreading code Sequence 
shift register 230 are shifted in synchronism with the clock 
CLK. Consequently, the despreading code Co which has 
been shifted to the second despreading code flip-flop 232 in 
the Second operation State is shifted to the third despreading 
code flip-flop. 233, the despreading code C, which has been 
shifted to the first despreading code flip-flop. 231 in the 
Second operation State is shifted to the Second despreading 
code flip-flop. 232, and the despreading code C which has 
been shifted to the eighth despreading code flip-flop 238 in 
the Second operation State is shifted to the first despreading 
code flip-flop. 231. As a result, multiplication of the third 
Sampling data D. by the despreading code Co is carried out 
in the third multiplier 243, multiplication of the second 
Sampling data D by the despreading code C is carried out 
in the second multiplier 242, and multiplication of the first 
Sampling data Do by the despreading code C is carried out 
in the first multiplier 241. Accordingly, an output Signal 
indicative of a value of DXC is outputted from the third 
multiplier 243, an output signal indicative of a value of 
DXC is outputted from the Second multiplier 242, and an 
output signal indicative of a value of DoxC is outputted 
from the first multiplier 241. Subsequently, a similar opera 
tion is repeated until the Seventh operation State. 

In the eighth operation State, an eighth Sampling data D, 
of the digital Signal I, is inputted to the Signal input terminal 
201 in synchronism with the clock CLK. At the same time, 
the “1” which has been shifted to the seventh write selecting 
flip-flop 227 of the write selection circuit 220 in the seventh 
operation State is shifted to the eighth write Selecting flip 
flop. 228 in synchronism with the clock CLK. As a result, the 
“1” is applied to the clock input terminal C of only the eighth 
shift register set 218 of the storage section 210, and the 
eighth Sampling data D, is fetched and held in the eighth 
shift register set 218. At that time, in the first to seventh 
flip-flop sets 211-217, the first to seventh sampling data 
Do-D which have been fetched thereto up to the seventh 
operation State are held as they are, respectively. Also, the 
despreading codes Stored in the despreading code Sequence 
shift register 230 are shifted in synchronism with the clock 
CLK, So that the despreading codes C7-Co are stored in the 
first to eighth despreading code flip-flops 231-238, respec 
tively. Thereby, multiplication operations of the first to 
eighth Sampling data Do-D, of digital Signal I, which are 
respectively held in the first to eighth flip-flops 211-218 of 
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12 
the Storage Section 210, by the despreading codes C7-Co 
which are respectively shifted to the first to eighth despread 
ing code Sequence flip-flopS 231-238 of the despreading 
code Sequence shift register 230 are carried out in the first to 
eighth multipliers 241-248, respectively. As a result, an 
output signal indicative of a value of D-xCo is outputted 
from the eighth multiplier 248, an output Signal indicative of 
a value of DXC is outputted from the seventh multiplier 
247, an output Signal indicative of a value of DXC is 
outputted from the Sixth multiplier 246, an output Signal 
indicative of a value of DXC is outputted from the fifth 
multiplier 245, an output Signal indicative of a value of 
DXC is outputted from the fourth multiplier 244, an output 
Signal indicative of a value of DXCs is outputted from the 
third multiplier 243, an output signal indicative of a value of 
DXC is outputted from the Second multiplier 242, and an 
output signal indicative of a value of DoxC, is outputted 
from the first multiplier 241. 

Through the above operation, multiplication operations 
necessary to determine a correlation value between the 
initial 8-Sampling data D7 De Ds D. D. D. D. Do of the 
digital signal I, and the 8-bit despreading code sequence C, 
C C C C C C C. are all carried out. 

In the ninth operation state, a ninth Sampling data Ds of 
the digital Signal I, is inputted to the Signal input terminal 
201 in synchronism with the clock CLK. At the same time, 
the “1” which has been shifted to the eighth write selecting 
flip-flop 228 of the write selection circuit 220 in the eighth 
operation State is shifted to the first write Selecting flip-flop 
221 in synchronism with the clock CLK. As a result, the “1” 
is applied to the clock input terminal C of only the first shift 
register set 211 of the storage section 210, and the ninth 
Sampling data Ds is fetched and held in the first shift register 
Set 211. At that time, in the Second to eighth flip-flop sets 
211-218, the second to eighth sampling data D-D, which 
have been fetched thereto up to the eighth operation State are 
held as they are, respectively. Also, the despreading codes 
Stored in the despreading code Sequence shift register 230 
are shifted in synchronism with the clock CLK. 
Consequently, the despreading code Co is Stored in the first 
despreading code flip-flop. 231, and the despreading codes 
C-C are Stored in the Second to eighth despreading code 
flip-flops 232-238, respectively. Thereby, multiplication of 
the ninth Sampling data Ds of the digital signal I, held in the 
first flip-flop. 211 of the storage section 210 by the despread 
ing code Co Stored in the first despreading code flip-flop. 231 
of the despreading code Sequence shift register 230 is carried 
out in the first multiplier 241, and multiplication operations 
of the Second to eighth Sampling data pieces D-D, of the 
digital signal I, which are respectively held in the Second to 
ninth flip-flops 212-218, by the despreading codes C7-C 
which are respectively Stored in the Second to eighth 
despreading code flip-flops 231-238 of the despreading code 
Sequence shift register 230 are carried out in the Second to 
eighth multipliers 242-248, respectively. As a result, an 
output signal indicative of a value of DXC is outputted 
from the first multiplier 241, an output Signal indicative of 
a value of D-xC. is outputted from the eighth multiplier 248, 
an output signal indicative of a value of DXC is outputted 
from the Seventh multiplier 247, an output signal indicative 
of a value of DXC is outputted from the sixth multiplier 
246, an output signal indicative of a value of DXC is 
outputted from the fifth multiplier 245, an output signal 
indicative of a value of DXC is outputted from the fourth 
multiplier 244, an output Signal indicative of a value of 
DXC is outputted from the third multiplier 243, and an 
output signal indicative of a value of DXC, is outputted 
from the second multiplier 242. 
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Consequently, multiplication operations necessary to 
determine a correlation value between the 8-sampling data 
D. D., De Ds D. D. D. D. of digital signal I, which is one 
Sampling after the initial 8-Sampling data D7 De Ds D D 
D. D. Do and the 8-bit despreading code String C, CCC 
C. C C Co are all carried out. Subsequently, a similar 
operation is repeated. 

Each of the first to fourth adders 251-254 is an adder for 
6 bits+6 bits, and outputs an output signal of 7 bits. Each of 
the fifth and sixth adders 255 and 256 is an adder for 7 bits+7 
bits, and outputs an output signal of 8 bits. The Seventh 
adder 257 is an adder for 8 bits +8 bits, and outputs an output 
signal of 9 bits. In the first adder 251, addition of the output 
signal (6 bits) of the first multiplier 241 and the output signal 
(6 bits) of the second multiplier 242 is carried out. In the 
second adder 252, addition of the output signal (6 bits) of the 
third multiplier 243 and the output signal (6 bits) of the 
fourth multiplier 244 is carried out. In the third adder 253, 
addition of the output signal (6 bits) of the fifth multiplier 
255 and the output signal (6 bits) of the sixth multiplier 256 
is carried out. In the fourth adder 254, addition of the output 
signal (6 bits) of the seventh multiplier 247 and the output 
signal (6 bits) of the eighth multiplier 248 is carried out. In 
the fifth adder 255, addition of the output signal (7 bits) of 
the first adder 251 and the output signal (7 bits) of the second 
adder 252 is carried out. In the sixth adder 256, addition of 
the output signal (7 bits) of the third adder 253 and the 
output signal (7 bits) of the fourth adder 254 is carried out. 
In the seventh adder 257, addition of the output signal (8 
bits) of the fifth adder 255 and the output signal (8 bits) of 
the sixth adder 256 is carried out. As a result, a correlation 
value MFOUT between the digital signal I, and the 
despreading code Sequence C C C C C C C Co is 
obtained in the seventh adder 257, and is outputted to the 
outside through the output terminal 205. 

Next, comparison of consumption power in the digital 
matched filter according to the present embodiment with that 
in the conventional digital matched filter shown in FIG. 1 
will be described. In the digital matched filter according to 
the present embodiment, write of the digital signal I, to the 
Storage Section 210 at each clock CLK is carried out at only 
one of the first to eighth flip-flop sets 211-218. Accordingly, 
on the assumption that consumption power in one flip-flop 
constituting the respective flip-flop sets 211-218 is W. 
consumption power in the storage section 210 is 6 W. Also, 
in the digital matched filter according to the present 
embodiment, the first to eighth write Selecting flip-flops 
221-228 constituting the write selection circuit 220 and the 
first to eighth despreading code flip-flops 231-238 consti 
tuting the despreading code Sequence shift register 230 
operate in Synchronism with the clock CLK. Hence, con 
Sumption power in the write Selection circuit 220 and 
despreading code sequence shift register 230 is 2x8 W=16 
W. Accordingly, consumption power in the Storage Section 
210, write selection circuit 220 and despreading code 
sequence shift register 230 of the digital matched filter 
according to the present embodiment amounts up to 6 W+1.6 
W=22 W. Contrary to this, in the conventional digital 
matched filter shown in FIG. 1, all of the first to seventh 
flip-flop sets 11-18 are operated in synchronism with the 
clock CLK when the digital signal I is written to the tapped 
shift register 10 at each clock CLK. Hence, consumption 
power in the tapped shift register 10 is 6x7 W=42 W. 
Accordingly, as consumption power in the first to eighth 
multipliers 241-248 and first to seventh adders 251-257 of 
the digital matched filter according to the present embodi 
ment is identical to that in the first to eighth multipliers 
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14 
21-28 and first to seventh adders 31-37 of the conventional 
digital matched filter shown in FIG. 1, the consumption 
power in the digital matched filter according to the present 
embodiment is 22 W/42 Was 1/2 as compared to the con 
Sumption power in the conventional digital matched filter 
shown in FIG. 1. 

Generally, given that the number of bits of the digital 
Signal I, is N in an M-times Spread M-order digital matched 
filter, each of the flip-flop sets of the storage section 210 
includes N flip-flops, and each of the write selection circuit 
220 and despreading code Sequence shift register 230 
includes M flip-flops in the digital matched filter according 
to the present embodiment. Accordingly, consumption 
power in the storage section 210, write selection circuit 220 
and despreading code Sequence shift register 230 of the 
digital matched filter according to the present embodiment is 
NW+MW+MW=(N+M+M)W. Contrary to this, in the con 
ventional digital matched filter shown in FIG. 1, the tapped 
shift register 10 includes (M-1)N flip-flops, so that con 
Sumption power in the tapped shift register 10 is (M-1)NW. 
Accordingly, the consumption power in the digital matched 
filter according to the present embodiment is (N+M+M)W/ 
(M-1)NW=(N+M+M)/(M-1)N as compared to the con 
Sumption power in the conventional digital matched filter 
shown in FIG. 1. As Mda-1 is generally satisfied, the 
consumption power in the digital matched filter according to 
the present embodiment is 1/M--1/N+1/N as compared to the 
consumption power in the conventional digital matched 
filter shown in FIG. 1. 

In the foregoing description, each despreading code con 
Stituting the despreading code Sequence C7 Cs Cs C. C. C. 
C Co is of 1 bit. However, the number of bits of each 
despreading code constituting the despreading code 
Sequence of C, C, CS C C C C Co may Sometimes be 
two or more (provided that the bit number of each despread 
ing code is Smaller than that of the digital signal I). For 
example, each despreading code may be of 2 bits to indicate 
1, 0, -1. When the bit number of each despreading code is 
two or more, a despreading code Sequence shift register 
constructed of a recursive tapped shift register using 8 
flip-flop Sets each including two or more flip-flops connected 
in parallel to each other may be used in place of the 
despreading code Sequence shift register 230 shown in FIG. 
4. 

Each of the first to eighth multipliers 241-248 may not 
necessarily be a multiplier constructed of a logical circuit, 
and may be means for outputting the same multiplication 
result (for example, a circuit which outputs an input signal 
as it is when the despreading code is “1”, and which inverts 
the code bit of the input signal and outputs a resulting Signal 
when the despreading code is “0” (multiplication of coeffi 
cient “-1”)). 
(Second Embodiment) 
A digital matched filter according to a Second embodi 

ment of the present invention differs from the previously 
described digital matched filter according to the first 
embodiment in that it comprises a write selection circuit 300 
shown in FIG. 6 in place of the write selection circuit 220 
shown in FIG. 4. 
As shown in FIG. 6, the write selection circuit 300 

provided in the digital matched filter according to the 
present embodiment is constructed by using a recursive 
tapped shift register including first to eighth write Selecting 
flip-flops 311-318 and a selector circuit 320. Clock input 
terminals C of the first to eighth write selecting flip-flops 
311-318 are applied with a clock CLK of 4.096 MHz 
through a clock input terminal 301. Reset terminals R of the 
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first to eighth write selecting flip-flops 311-318 are applied 
with a reset signal RS through a reset Signal input terminal 
302. A first input terminal A of the selector circuit 320 is 
applied with an output signal Qs of the eighth write Selecting 
flip-flop 318. A second input terminal B of the selector 
circuit 320 is applied with power supply voltage Vcc 
(voltage corresponding to high level in logical value). A 
selection terminal S of the selection circuit 320 is applied 
with a write timing control Signal WE through a timing 
control signal input terminal 303. An output terminal Y of 
the Selector circuit 320 is connected to a data input terminal 
D of the first write selecting flip-flop 311. It is to be noted 
that in the selector circuit 320, the second input terminal B 
is selected when the write timing control signal WE is “1” 
(high level in logical value), and the first input terminal A is 
selected when the write timing control signal WE is “0” (low 
level in logical value). 

Next, operation of the write selection circuit 300 will be 
described with reference to a timing chart shown in FIG. 7. 
At time preceding time to, the reset Signal RS is “0”, So that 
the first to eighth write selecting flip-flops 311-318 are all 
reset and output Signals Q-Qs of the first to eighth write 
selecting flip-flops 311-318 are all rendered to be “0”. When 
the write timing control signal WE is rendered to be “1” at 
time t after the reset signal RS is rendered to be “1” at time 
to, the Second input terminal B is Selected in the Selector 
circuit 320, and the output Signal outputted from the output 
terminal Y of the selector circuit 320 is rendered to be “1”. 
As a result, with the clock CLK changed from “0” to “1” at 
time t, the output signal of the Selector circuit 320 is fetched 
and held in the first write selecting flip-flop 311, rendering 
output signal Q of the first write selecting flip-flop 311 to 
be “1”. At that time, output signals Q-Q7 (all Zero) of first 
to seventh write selecting flip-flops 311-317 at time t, are 
fetched and held in the Second to eighth write Selecting 
flip-flops 312-318, respectively, so that output signals 
Q-Qs of the Second to eighth write Selecting flip-flops 
312-318 remain to be “O’. 
When the write timing control signal WE is rendered to be 

“0” at time t, the first input terminal A is selected in the 
Selector circuit 320 and the output Signal Qs of the eighth 
write selecting flip-flop 318 is outputted from the output 
terminal Y of the selector circuit 320. As a result, with the 
clock CLK changed from “0” to “1” at time t, the output 
signal Q. of the eighth write selecting flip-flop 318 is fetched 
and held in the first write selecting flip-flop 311, rendering 
the output signal Q of the first write selecting flip-flop 311 
to be “0”. The output signal Q of the first write selecting 
flip-flop 311 at time t is fetched and held in the second write 
Selecting flip-flop 312, So that the output signal Q of the 
second write selecting flip-flop 312 is rendered to be “1”. 
The output Signals Q-Q7 of the Second to Seventh write 
selecting flip-flops 312-317 at time t are fetched and held 
in the third to eighth write selecting flip-flops 313–318, 
respectively, So that the output Signals Q-Qs of the third to 
eighth write selecting flip-flops 313–318 remain to be “0”. 
Subsequently, a similar operation is repeated. Consequently, 
as shown in FIG. 6, the “1” fetched and held in the first write 
selecting flip-flop 311 at time t2 is shifted from the first write 
Selecting flip-flop 311 to the eighth write Selecting flip-flop 
318 in synchronism with the clock CLK. Further, the “1” 
fetched and held in the eighth write selecting flip-flop 318 is 
shifted to the first write selecting flip-flop 311 in synchro 
nism with the clock CLK. 

Consumption power in the digital matched filter accord 
ing to the present embodiment can be reduced as compared 
to consumption power in the conventional digital matched 
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filter shown in FIG.1. Because only consumption power in 
the selector circuit 320 is added to the consumption power 
in the previously-described digital matched filter according 
to the first embodiment. 
(Third Embodiment) 
A digital matched filter according to a third embodiment 

of the present invention is an eight-times Spread 16-order 
digital matched filter constructed by using an FIR 2-times 
over-Sampling interpolation digital filter. AS shown in FIG. 
8, it comprises a Signal input terminal 401, a first clock input 
terminal 402, a second clock input terminal 403, a storage 
section 410 including first to sixteenth flip-flop sets 
411-426, a write selection circuit 430 constructed by using 
a recursive tapped shift register including first to Sixteenth 
write selecting flip-flops 431-446, first to eighth selector 
circuit sets 451–458, a despreading code sequence shift 
register 460 constructed by using a recursive tapped shift 
register including first to eighth despreading code flip-flops 
461–468, first to eighth multipliers 471-478, first to seventh 
adders 481-487, and an output terminal 405. Here, each of 
the first to sixteenth flip-flop sets 411-426 constituting the 
Storage Section 410 includes 6 flip-flops connected in par 
allel to each other. Also, each of the first to eighth Selector 
circuit sets 451–458 includes 6 selector circuits connected in 
parallel to each other. 
A digital Signal I generated by doubly over-Sampling an 

analog signal (spectrum spread signal) at a Sampling fre 
quency of 8.192 MHZ is inputted to the signal input terminal 
401. The digital Signal I, is a 6-bit digital Signal in terms of 
two's complement which is Synchronous with a first clock 
CLK1 of 8.192 MHz inputted to the first clock input 
terminal 402. Data input terminals D of the first to sixteenth 
flip-flop sets 411-426 constituting the storage Section 410 
are applied with the digital Signal I. Clock input terminals 
C of the first to sixteenth flip-flop sets 411-426 are applied 
with output signals of the first to Sixteenth write Selecting 
flip-flops 431-446 constituting the write selection circuit 
430, respectively. 

In the initial state, desired one of the first to sixteenth 
write selecting flip-flops 431-446 constituting the write 
Selection circuit 430 is written with “1”, and the other write 
selecting flip-flops are written with “0”. Hereinafter, for 
Simplification of explanation, it is assumed that in the initial 
state, the “1” is written and held in only the sixteenth write 
selecting flip-flop 446. Clock input terminals C of the first to 
sixteenth write selecting flip-flops 431-446 are applied with 
the first clock CLK1. With the first clock CLK1 applied to 
the clock input terminal C of the Sixteenth write Selecting 
flip-flop 446, the “1” held in the sixteenth write selecting 
flip-flop 446 is shifted to the first write selecting flip-flop 
431. Subsequently, the “1” shifted to the first write selecting 
flip-flop 431 is shifted from the second write selecting 
flip-flop 432 toward the sixteenth write selecting flip-flop 
446 in synchronism with the first clock CLK1. Thereby, the 
“1” is sequentially applied to the clock input terminals C of 
the first to sixteenth flip-flop sets 411-426 constituting the 
storage section 410 in synchronism with the first clock 
CLK1. Hence, the digital signal I, is Sequentially fetched 
and held in the first to sixteenth flip-flop sets 411-426 in 
synchronism with the first clock CLK1. 
A second clock CLK2 of 4.096 MHz is inputted to the 

second clock input terminal 403. Selection terminals S of the 
respective Selector circuits constituting each of the first to 
eighth selector circuit sets 451–458 are applied with the 
Second clock CLK2. When the second clock CLK2 is “1”, 
a first input terminal A is selected. When the second clock 
CLK2 is “0”, a second input terminal B is selected. 
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Accordingly, when the Second clock CLK2 is “1”, output 
signals of the odd flip-flop sets 411, 413, 415, 417,419, 421, 
423 and 425 of storage section 410 which are connected to 
the first input terminals A of the first to eighth Selector circuit 
sets 451–458 are outputted from output terminals Y of the 
first to eighth selector circuit sets 451–458, respectively. On 
the other hand, when the second clock CLK2 is “0”, output 
signals of the even flip-flop sets 412, 414, 416, 418, 420, 
422,424 and 426 of storage section 410 which are connected 
to the second input terminals B of the first to eighth selector 
circuit sets 451–458 are outputted from the output terminals 
Y of the first to eighth selector circuit sets 451–458, respec 
tively. 

The first to eighth despreading code flip-flops 461–468 
constituting the despreading code Sequence shift register 460 
are written with the despreading codes of an 8-bit despread 
ing code Sequence C7 C C C C C C Co, respectively. 
Hereinafter, for Simplification of explanation, it is assumed 
that in the initial State, the despreading codes Co-C7 are 
Stored in the first to eighth despreading code flip-flops 
461–468 in order of from the despreading code C, to the 
despreading code Co, respectively. Clock input terminals C 
of the first to eighth despreading code flip-flops 461–468 are 
applied with the second clock CLK2 of 4.096 MHz which is 
synchronous with the first clock CLK1 of 8.192 MHz, and 
the despreading codes Stored in the first to eighth despread 
ing code flip-flops 461–468 are shifted from the first 
despreading code flip-flop 461 toward the eighth despread 
ing code flip-flop 468 in synchronism with the second clock 
CLK2. It is to be noted that a despreading code which has 
been shifted to the eighth despreading code flip-flop 468 is 
shifted to the first despreading code flip-flop 461 in syn 
chronism with the next Second clock CLK2. Thereby, the 
despreading codes Co-C7 are Sequentially shifted in Syn 
chronism with the second clock CLK2, and outputted from 
the first to eighth despreading code flip-flops 461–468. 

Each of the first to eighth multipliers 471-478 is a 
multiplier for 6 bitsX1 bits, and outputs an output signal of 
6 bits. In the first to eighth multipliers 471-478, multipli 
cation operations of the output signals (6 bits) of the first to 
eighth selector circuit sets 451–458 by the despreading 
codes (1 bit) outputted from the first to eighth despreading 
code flip-flops 461–468 are carried out. In the multipliers 
471-478, for example, when the despreading code indicates 
“1”, multiplication operations of the output signals of the 
first to eighth selector circuit sets 451–458 by “1” are carried 
out. When the despreading code indicates “0”, multiplica 
tion operations of the output signals of the first to eighth 
selector circuit sets 451–458 by “-1”, are carried out. 

Each of the first to fourth adders 481-484 is an adder for 
6 bits+6 bits, and outputs an output signal of 7 bits. Each of 
the fifth and sixth adders 485 and 486 is an adder for 7 bits+7 
bits, and outputs an output signal of 8 bits. The Seventh 
adder 487 is an adder for 8 bits+8 bits, and outputs an output 
signal of 9 bits. In the first adder 481, addition of the output 
signal (6 bits) of the first multiplier 471 and the output signal 
(6 bits) of the second multiplier 472 is carried out. In the 
second adder 482, addition of the output signal (6 bits) of the 
third multiplier 473 and the output signal (6 bits) of the 
fourth multiplier 474 is carried out. In the third adder 483, 
the output signal (6 bits) of the fifth multiplier 475 and the 
output signal (6 bits) of the sixth multiplier 476 is carried 
out. In the fourth adder 484, addition of the output signal (6 
bits) of the seventh multiplier 477 and the output signal (6 
bits) of the eighth multiplier 478 is carried out. In the fifth 
adder 485, addition of the output signal (7 bits) of the first 
adder 481 and the output signal (7 bits) of the second adder 
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482 is carried out. In the sixth adder 486, addition of the 
output signal (7 bits) of the third adder 483 and the output 
signal (7 bits) of the fourth adder 484 is carried out. In the 
seventh adder 487, addition of the output signal (8 bits) of 
the fifth adder 485 and the output signal (8 bits) of the sixth 
adder 486 is carried out. 

In the digital matched filter according to the present 
embodiment constructed as above, when 16 first clockS 
CLK1 are inputted following the initial state, the initial first 
to Sixteenth Sampling data Do-Ds of the digital Signal I, are 
written and held in the first to sixteenth flip-flop sets 
411-426 constituting the storage section 410, respectively. 
At the same time, the despreading codes C7-Co are shifted 
to the first to eighth flip-flops 461–468 constituting the 
despreading code Sequence shift register 460 and held 
therein, respectively. As a result, when the Second clock 
CLK2 is “1”, the odd Sampling data Do, D, D, D, Ds, Do, 
D and D of the digital Signal I, are Selected by means of 
the first to eighth selector circuit sets 451–458, so that Da 
(Co+D2xC+DoxC+DXC+DXC+DXCs+D2xC+Dox 
C, is obtained in the seventh adder 487. Consequently, a 
correlation value MFOUT between the odd sampling data 
pieces Do, D2, D4, D6, Ds, Do, D and D of the initial 16 
Sampling data Do-Ds of the digital Signal I, and the 8-bit 
despreading code Sequence C7 C C C C C C Co is 
obtained and outputted to the outside through the output 
terminal 405. When the second clock CLK2 is “0”, the even 
Sampling data D, D, D5, D7, Do, D, D1 and Ds of the 
digital Signal I, are Selected by means of the first to eighth 
selector circuit sets 451–458, so that Dis (C+DixC+Dx 
C+DoxC+D7xC+DXCs+DXC+DXC, is obtained in 
the seventh adder 487. Consequently, a correlation value 
between the even Sampling data D, D, D5, D7, Do, D, D. 
and Ds of the initial 16 Sampling data Do-Ds of the digital 
Signal I, and the 8-bit despreading code sequence C, CCs 
C. C C C Co is obtained and outputted to the outside 
through the output terminal 405. 

Next, comparison of consumption power in the digital 
matched filter according to the present embodiment with that 
in the conventional digital matched filter shown in FIG. 3 
will be described. In the digital matched filter according to 
the present embodiment, during write of the digital signal I, 
the first to sixteenth flip-flop sets 411-426 constituting the 
Storage Section 410 are operated only one by one in Syn 
chronism with the first clock CLK1. Accordingly, on the 
assumption that consumption power in one flip-flop is W. 
consumption power in the Storage Section 410 is identical to 
the total consumption power in the 6 flip-flops constituting 
each flip-flop set, amounting up to 6W. The first to sixteenth 
write selecting flip-flops 431 to 446 constituting the write 
selection circuit 430 are operated each time that the first 
clock CLK1 is inputted, So that consumption power in the 
write selection circuit 430 is 16 W. The first to eighth 
despreading code flip-flops 461–468 constituting the 
despreading code Sequence shift register 460 are operated in 
Synchronism with the Second clock CLK2 having a fre 
quency which is % of that of the first clock CLK1, so that 
consumption power in the despreading code Sequence shift 
register 460 is 8 W/2=4W. Accordingly, consumption power 
in the storage section 410, write selection circuit 430 and 
despreading code Sequence shift register 460 of the digital 
matched filter according to the present embodiment is 6 
W+16 W+4 W=26 W. Contrary to this, in the conventional 
digital matched filter shown in FIG. 3, the first to fourteenth 
flip-flop Sets 111-124 constituting the tapped shift register 
110 are operated each time that the clock CLK is inputted, 
So that consumption power in the tapped shift register 110 is 
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6x14 W=84 W. Consumption power in the first to eighth 
multipliers 471-478 and first to seventh adders 481-487 of 
the digital matched filter according to the present embodi 
ment is identical to consumption power in the first to eighth 
multipliers 131-138 and first to seventh adders 141-147 of 
the conventional digital matched filter shown in FIG. 3. 
Accordingly, when consumption power in the first to eighth 
selector circuit sets 451–458 of the digital matched filter 
according to the present embodiment is neglected because it 
is Small, consumption power in the digital matched filter 
according to the present embodiment is 26 W/84 Was 1/3 as 
compared to consumption power in the conventional digital 
matched filter shown in FIG. 3. Generally, given that the 
number of bits of the digital signal I is N in an M-order 
digital matched filter of FIR m-times over-Sampling inter 
polation filter structure, the storage section 410 includes MN 
flip-flops, the write selection circuit 430 includes M write 
Selecting flip-flopS and the despreading code Sequence shift 
register 460 includes M/m despreading code flip-flops in the 
digital matched filter according to the present embodiment. 
However, the flip-flop Sets constituting the Storage Section 
410 are operated only one by one in synchronism with the 
first clock CLK1. Further, the spreading code Sequence shift 
register 460 is operated in synchronism with the second 
clock CLK2 having a frequency which is 1/m of that of the 
first clock CLK1. Therefore, consumption power in the 
storage section 410, write selection circuit 430 and 
despreading code Sequence shift register 460 of the digital 
matched filter according to the present embodiment is 
NW+MW+(M/m)W=(N+M+M/m)W. Contrary to this, in 
the digital matched filter shown in FIG. 3, the tapped shift 
register 110 includes (M-1)N flip-flops. Therefore, con 
Sumption power in the tapped shift register 110 is (M-1)NW. 
Accordingly, consumption power in the digital matched 
filter according to the present embodiment is (N+M+M/mi) 
W/(M-1)NW=(N+M+M/m)/(M-1)N as compared to con 
Sumption power in the conventional matched filter shown in 
FIG. 3. AS Mda-1 is generally satisfied, the consumption 
power in the digital matched filter according to the present 
embodiment is 1/M+1N+1/mN as compared to the con 
Sumption power in the conventional digital matched filter 
shown in FIG. 3. 

In the digital matched filter according to the present 
embodiment, a write Selection circuit constructed by using a 
recursive tapped shift register which includes the first to 
Sixteenth write Selecting flip-flops and the Selector circuit as 
the write selection circuit 300 shown in FIG.6 may be used 
in place of the write selection circuit 430. 

In the foregoing description, each despreading code con 
Stituting the despreading code Sequence C7 C C C C C2 
C Co is of 1 bit. However, the bit number of each despread 
ing code constituting the despreading code Sequence C, C 
Cs C C C C Co may sometimes be two or more (provided 
that the bit number of each despreading code is Smaller than 
that of the digital signal I). For example, each despreading 
code may be of 2 bits to indicate 1, 0, -1. When the bit 
number of each despreading code is two or more, a 
despreading code Sequence shift register constructed of a 
recursive tapped shift register by using 8 flip-flop Sets each 
including two or more flip-flops connected in parallel to 
each other may be used in place of the despreading code 
sequence shift register 460 shown in FIG. 8. 

Each of the first to eighth multipliers 471-478 may not 
necessarily be a multiplier constructed of a logical circuit, 
and may be means for outputting the same multiplication 
result (for example, a circuit which outputs an input signal 
as it is when the despreading code is “1”, and which inverts 
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the code bit of an input Signal and outputs a resulting Signal 
when the despreading code is “0”, (multiplication of coef 
ficient “-1”)). 
(Fourth Embodiment) 
A digital matched filter according to a fourth embodiment 

of the present invention is a digital matched filter for a case 
where a digital signal I over-sampled at 8.192 MHZ is 
inputted serially in synchronism with a clock of 8.192 MHz. 
As shown in FIG. 9, it comprises a signal input terminal 501, 
a clock input terminal 502, a serial/parallel converter 590, an 
inverter 595, a first storage section 510 including first to 
eighth flip-flop sets 511-518, a first write selection circuit 
520 constructed by using a recursive tapped shift register 
including first to eighth write selecting flip-flops 521-528, a 
second storage section 530 including ninth to sixteenth 
flip-flop sets 531-538, a second write selection circuit 540 
constructed by using a recursive tapped shift register includ 
ing ninth to sixteenth write selecting flip-flops 541-548, first 
to eighth selector circuit sets 551-558, a despreading code 
Sequence shift register 560 constructed by using a recursive 
tapped shift register including first to eighth despreading 
code flip-flops 561-568, first to eighth multipliers 571-578, 
first to seventh adders 581–587, and an output terminal 505. 
Here, each of the first to eighth flip-flop sets 511-518 
constituting the first storage section 510 and each of the 
ninth to sixteenth flip-flop sets 531-538 constituting the 
second storage section 530 are each comprised of 6 flip-flops 
connected in parallel to each other. Also, each of the first to 
eighth selector circuit sets 551-558 includes 6 selector 
circuits connected in parallel to each other. 
A digital signal I of 8.192 MHz period generated by 

over-sampling an analog signal (spectrum spread signal) at 
a Sampling frequency of 8.192 MHZ is inputted to the signal 
input terminal 501. The digital signal I is a 6-bit digital 
Signal in terms of two's complement. The digital signal I, is 
Subjected to the Serial/parallel conversion by means of the 
serial/parallel converter 590 so as to be separated into a first 
digital Signal Io consisting of odd Sampling data and a 
Second digital Signal Io consisting of even Sampling data. 
The first digital signal Io is outputted to the first storage 
section 510 from a first output terminal A of the serial/ 
parallel converter 590. The second digital signal I is 
outputted to the second storage section 530 from a second 
output terminal B of the serial/parallel converter 590. 

Data input terminals D of the first to eighth flip-flop sets 
511-518 constituting the first storage section 510 are con 
nected to the first output terminal A of the Serial/parallel 
converter 502. Clock input terminals C of the first to eighth 
flip-flop sets 511-518 are applied with output signals of the 
first to eighth write selecting flip-flops 521-528 constituting 
the first write selection circuit 520, respectively. In the initial 
state, “1” is written and held in desired one of the first to 
eighth write selecting flip-flops 521-528, and “O'” is written 
and held in the other write selecting flip-flops. Hereinafter, 
for Simplification of explanation, it is assumed that in the 
initial state, the “1” is written and held in only the eighth 
write selecting flip-flop 528. Clock input terminals C of the 
first to eighth write selecting flip-flops 521-528 are applied 
with a clock CLK. When the clock CLK is applied to the 
clock input terminal C of the eighth write Selecting flip-flop 
528, the “1” which has been held in the eighth write 
selecting flip-flop 528 is shifted to the first write selecting 
flip-flop 521. Subsequently, the ”... shifted to the first write 
selecting flip-flop 521 is shifted from the second write 
Selecting flip-flop 521 toward the eighth write Selecting 
flip-flop 528 in synchronism with the clock CLK. Thereby, 
the “1” is Sequentially applied to the clock input terminals C 
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of the first to eighth flip-flop sets 511-518 constituting the 
first storage section 510 in synchronism with the clock CLK. 
AS a result, the first digital Signal Io is Sequentially fetched 
and held in the first to eighth flip-flop sets 511-518 in 
synchronism with the clock CLK. 

Data input terminals D of the ninth to sixteenth flip-flop 
sets 531-538 constituting the second storage section 530 are 
connected to the Second output terminal B of the Serial/ 
parallel converter 590. Clock input terminals C of the ninth 
to sixteenth flip-flop sets 531-538 are applied with output 
Signals of the first to eighth write Selecting flip-flops 
541-548 constituting the second write selection circuit 540, 
respectively. In the initial state, “1” is written and held in 
desired one of the ninth to Sixteenth write Selecting flip-flops 
541–548, and “O'” is written and held in the other write 
Selecting flip-flops. Hereinafter, for Simplification of 
explanation, it is assumed that in the initial State, the “1” is 
written and held in only the Sixteenth write Selecting flip 
flop 548. Clock input terminals C of the ninth to sixteenth 
write selecting flip-flops 541-548 are applied with a clock 
(hereinafter called “inverted clock CLKB”) obtained by 
inverting the polarity of the clock CLK by means of the 
inverter 595. When the inverted clock CLKB is applied to 
the clock input terminal C of the Sixteenth write Selecting 
flip-flop 548, the “1” which has been held in the sixteenth 
write selecting flip-flop 548 is shifted to the ninth write 
selecting flip-flop 541. The “1” shifted to the ninth write 
selecting flip-flop 541 is subsequently shifted from the ninth 
write selecting flip-flop 541 to the sixteenth write selecting 
flip-flop 548 in synchronism with the inverted clock CLKB. 
Thereby, the “1” is sequentially applied to the clock input 
terminals C of the eighth to sixteenth flip-flop sets 531-538 
constituting the Second storage Section 530 in Synchronism 
with the inverted clock CLKB. As a result, the second digital 
Signal Io is sequentially fetched and held in the ninth to 
sixteenth flip-flop sets 531-538 in synchronism with the 
inverted clock CLKB. 

Selection terminals S of the respective Selector circuits 
constituting the first to eighth selector circuit sets 551-558 
are applied with the clock CLK. When the clock CLK is “1”, 
a first input terminal A is Selected, and when the clock CLK 
is “0”, a Second input terminal B is Selected. Accordingly, 
when the clock CLK is “1”, output signals of the first to 
eighth flip-flop sets 511-518 constituting the first storage 
section 510 which are connected to the first input terminals 
A of the first to eighth selector circuit sets 551-558 are 
selected and outputted from output terminals Y of the first to 
eighth selector circuit sets 551-558, respectively. On the 
other hand, when the clock CLK is “0”, output signals of the 
ninth to sixteenth flip-flop sets 531-538 constituting the 
second storage section 530 which are connected to the 
Second input terminals B of the first to eighth Selector circuit 
sets 551-558 are selected and outputted from the output 
terminals Y of the first to eighth selector circuit sets 
551–558, respectively. 

The first to eighth despreading code flip-flops 561-568 
constituting the despreading code Sequence shift register 560 
are Stored with despreading codes of an 8-bit despreading 
code Sequence C7 Cs Cs C C C C Co, respectively. 
Hereinafter, for Simplification of explanation, it is assumed 
that in the initial State, the despreading codes C7-Co are 
Stored in the first to eighth despreading code flip-flops 
561-568, respectively. Clock input terminals C of the first to 
eighth despreading code flip-flops 561-568 are applied with 
the clock CLK. The despreading codes stored in the first to 
eighth despreading code flip-flops 561-568 are shifted from 
the first despreading code flip-flop 561 toward the eighth 
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despreading code flip-flop 568 in synchronism with the 
clock CLK. It is to be noted that a despreading code which 
has been shifted to the eighth despreading code flip-flop 568 
is shifted to the first despreading code flip-flop 561 in 
synchronism with the next clock CLK. Thereby, the 
despreading codes Co-C7 are Sequentially shifted and out 
putted from the first to eighth despreading code flip-flops 
561-568 in order of from the despreading code C to the 
despreading code C, the in Synchronism with the clock 
CLK. 
Each of the first to eighth multipliers 571-578 is a 

multiplier for 6 bitSX1 bit, and outputs an output Signal of 6 
bits. In the first to eighth multipliers 571-578, multiplication 
operations of the first digital signal Io (6 bits) outputted 
from the first to eighth selector circuit sets 551-558 by the 
despreading codes (1 bit) outputted from the first to eighth 
despreading code flip-flops 561-568 are respectively carried 
out during the period in which the clock CLK is “1”. At the 
Same time, multiplication operations of the Second digital 
Signal Io (6 bits) outputted from the first to eighth Selector 
circuit sets 551-558 by the despreading codes (1 bit) out 
putted from the first to eighth despreading code flip-flops 
561-568 are respectively carried out during the period in 
which the clock CLK is “0”. For example, when the 
despreading code indicates “1”, multiplication operations of 
the output Signals of the first to eighth Selector circuit Sets 
551–558 by “1” are carried out in the multipliers 571-578. 
When the despreading code indicates “0”, multiplication 
operations of the output signals of the first to eighth Selector 
circuit sets 551-558 by “-1” are carried out. 

Each of the first to fourth adders 581-584 is an adder for 
6 bits+6 bits, and outputs an output signal of 7 bits. Each of 
the fifth and Sixth adders 585 and 586 is an adder for 7 bits+7 
bits, and outputs an output signal of 8 bits. The Seventh 
adder 587 is an adder for 8 bits+8 bits, and outputs an output 
signal of 9 bits. In the first adder 581, addition of the output 
signal (6 bits) of the first multiplier 571 and the output signal 
(6 bits) of the second multiplier 572 is carried out. In the 
second adder 582, addition of the output signal (6 bits) of the 
third multiplier 573 and the output signal (6 bits) of the 
fourth multiplier 574 is carried out. In the third adder 583, 
addition of the output signal (6 bits) of the fifth multiplier 
575 and the output signal (6 bits) of the sixth multiplier 576 
is carried out. In the fourth adder 584, addition of the output 
signal (6 bits) of the seventh multiplier 577 and the output 
signal (6 bits) of the eighth multiplier 578 is carried out. In 
the fifth adder 585, addition of the output signal (7 bits) of 
the first adder 581 and the output signal (7 bits) of the second 
adder 582 is carried out. In the sixth adder 586, addition of 
the output signal (7 bits) of the third adder 583 and the 
output signal (7 bits) of the fourth adder 584 is carried out. 
In the seventh adder 587, addition of the output signal (8 
bits) of the fifth adder 585 and the output signal (8 bits) of 
the sixth adder 586 is carried out. 

In the digital matched filter according to the present 
embodiment constructed as above, when 16 clocks CLK are 
inputted following the initial State, initial first to eighth 
Sampling data Do-D7 of the first digital Signal Io are written 
and held in the first to eighth flip-flop sets 511-518 consti 
tuting the first storage section 510, respectively. Initial first 
to eighth Sampling data do-d, of the Second digital signal Io 
are written and held in the ninth to sixteenth flip-flop sets 
531-536 constituting the second storage section 530, respec 
tively. The despreading codes C7-Co are shifted to the first 
to eighth despreading code flip-flops 561-568 constituting 
the despreading code string shift register 560 and held 
therein, respectively. As a result, when the clock CLK is “1”, 
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the Sampling data Do-D, of the first digital Signal I, are 
Selected by means of the first to eighth Selector circuit Sets 
551-558, so that D7xCo+DXC+DXC+DixC+DXC+ 
DXCs+DXC+DoxC, is obtained in the seventh adder 587. 
Thereby, a correlation value MFOUT between the initial 8 
Sampling data Do-D7 of the first digital Signal Io and the 
8-bit despreading code Sequence C, C C C C C C Co 
is obtained and outputted to the outside through the output 
terminal 505. When the clock CLK is “0”, the sampling data 
do-d, of the Second digital Signal Io are Selected by means 
of the first to eighth selector circuit sets 551-558, so that 
d7xCo+d6XC+dsXC2+dxCs+dxC+d2xCs+dxC+doxC7 
is obtained in the seventh adder 587. Thereby, a correlation 
value MFOUT between the initial 8 sampling data do-d, of 
the Second digital Signal Io and the 8-bit despreading code 
Sequence C, C C C C C C Co is obtained and outputted 
to the outside through the output terminal 505. As a result, 
an eight-times spread 16-order digital matched filter which 
is constructed by using the FIR 2-times over-Sampling 
interpolation digital filter, like the digital matched filter 
according to the third embodiment shown in FIG. 8, can be 
realized. 

In the digital matched filter according to the present 
embodiment, a write Selection circuit constructed by using a 
recursive tapped shift register which includes the first to 
eighth write Selecting flip-flops and the Selector circuit as the 
write selection circuit 300 shown in FIG. 6 may be used in 
place of the first and Second write Selection circuits 
520-540. 

In the foregoing description, each despreading code con 
Stituting the despreading code Sequence C7 C C C C C2 
C Co is of 1 bit. However, the bit number of each despread 
ing code constituting the despreading code Sequence C, C 
Cs C C C C Co may sometimes be two or more (provided 
that the bit number of each despreading code is Smaller than 
that of the digital signal I). For example, each despreading 
code may be of 2 bits to indicate 1, 0, -1. When the bit 
number of each despreading code is two or more, a 
despreading code Sequence shift register constructed of a 
recursive tapped shift register using 8 flip-flop Sets each 
including two or more flip-flops connected in parallel to 
each other may be used in place of the despreading code 
sequence shift register 560 shown in FIG. 9. 

Each of the first to eighth multipliers 571-578 may not 
necessarily be a multiplier constructed of a logical circuit, 
and may be means for outputting the same multiplication 
result (for example, a circuit which outputs an input signal 
as it is when the despreading code is “1”, and which inverts 
the code bit of the input signal and outputs a resulting Signal 
when the despreading code is “0” (multiplication of coeffi 
cient “-1”)). 
(Fifth Embodiment) 
A digital matched filter according to a fifth embodiment of 

the present invention is an eight-times spread 8-order digital 
matched filter constructed by using memory devices. AS 
shown in FIG. 10, it comprises a signal input terminal 601, 
a clock input terminal 602, an address counter 650, a storage 
section 610 including first to eighth memories 611-618, a 
despreading code Sequence shift register 620 constructed by 
using a recursive tapped shift register including first to 
eighth despreading code flip-flops 621-628, first to eighth 
multipliers 631-638, first to seventh adders 641–647, and an 
output terminal 605. Here, the addresses of the first to eighth 
memories 611-618 constituting the storage section 610 are 
defined as 0-th to Seventh addresses, respectively. 
A digital Signal I generated by Sampling an analog signal 

(spectrum spread signal) at a sampling frequency of 4.096 
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MHz is inputted to the signal input terminal 601. The digital 
Signal I is a 6-bit digital signal in terms of two’s comple 
ment that is synchronous with a clock CLK of 4.096 MHz 
inputted from the clock input terminal 602. Data input 
terminals of the first to eighth memories 611-618 constitut 
ing the Storage Section 610 are applied with the digital Signal 
I. Address input terminals of the first to eighth memories 
611-618 are applied with an output signal of the address 
counter 650. 
The address counter 650 is a 3-bit counter which counts 

the clock CLK applied through a clock input terminal C. For 
Simplification of explanation, it is assumed that in the initial 
state, the output signal of the address counter 650 is rendered 
to be "111" which indicates the seventh address. When the 
initial clock CLK is applied to the clock input terminal C of 
the address counter 650, the output signal of the address 
counter 650 is rendered to be “OOO which indicates the O-th 
address, So that the first memory 611 of the Storage Section 
610 is placed in writable condition. When the second clock 
CLK is applied to the clock input terminal C of the address 
counter 650, the output signal of the address counter 650 is 
rendered to be "001” which indicates the first address, so 
that the second memory 612 is placed in writable condition. 
Subsequently, the third to eighth memories 613-618 are 
Sequentially placed in Writable condition in a similar manner 
in synchronism with the clock CLK. Thereafter, when the 
ninth clock CLK is applied to the clock input terminal C of 
the address counter 650, the output signal of the address 
counter 650 is rendered to be “OOO which indicates the O-th 
address, So that the first memory 611 of the Storage Section 
610 is placed in writable condition. Accordingly, the digital 
Signal I, is Sequentially fetched and held in the first to eighth 
memories 611-618 constituting the storage section 610 in 
Synchronism with the clock CLK. 
The first to eighth despreading code flip-flops 621-628 

constituting the despreading code Sequence shift register 620 
are written with despreading codes of an 8-bit despreading 
code Sequence C7 Cs Cs C C C C Co, respectively. 
Hereinafter, for Simplification of explanation, it is assumed 
that in the initial State, the despreading codes C7-Co are 
Stored in the first to eighth despreading code flip-flops 
561-568, respectively. Clock input terminals C of the first to 
eighth despreading code flip-flops 621-628 are applied with 
the clock CLK, and the despreading codes written in the first 
to eighth despreading code flip-flops 621-628 are shifted 
from the first despreading code flip-flop 621 toward the 
eighth despreading code flip-flop 628 in Synchronism with 
the clock CLK. It is to be noted that a despreading code 
which has been shifted to the eighth despreading code 
flip-flop 628 is shifted to the first despreading code flip-flop 
621 in synchronism with the next clock CLK. Thereby, the 
despreading code Co-C7 are outputted from the first to 
eighth despreading code flip-flops 621-628 while being 
shifted sequentially in synchronism with the clock CLK. 
Each of the first to eighth multipliers 631-638 is a multiplier 
for 6 bitsx1 bit, and outputs an output signal of 6 bits. In the 
first to eighth multipliers 631-638, multiplication operations 
of the digital signal I (6 bits) outputted from the first to 
eighth memories 611-618 by the despreading codes (1 bit) 
outputted from the first to eighth despreading code flip-flops 
621-628 are carried out, respectively. When the despreading 
code indicates “0”, multiplication operations of the output 
signals of the first to eighth memories 611-618 by “-1” are 
carried out in the multipliers 631-638. The procedure for 
multiplication in the multipliers 631-638 will be described 
hereunder. 

In the first operation State, a first Sampling data Do of the 
digital Signal I, is inputted to the Signal input terminal 601 
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in synchronism with the clock CLK, and the clock CLK is 
applied to the clock input terminal C of the address counter 
650. As a result, the output signal of address counter 650 is 
rendered to be "111" indicative of the seventh address in the 
initial state is rendered to be "000” indicative of the 0-th 
address. Consequently, the first Sampling data Do is written 
and held in the first memory 611. Also, the despreading code 
Co which has been Stored in the eighth despreading code 
flip-flop 628 of the despreading code Sequence shift register 
620 in the initial state is shifted to the first despreading code 
flip-flop 621 in synchronism with the clock CLK. As a result, 
multiplication of the first Sampling data Do by the despread 
ing code Co is carried out in the first multiplier 631. 
Accordingly, an output signal indicative of a value of DoxCo 
is outputted from the first multiplier 631. 

In the Second operation State, a second sampling data D 
of the digital Signal I, is inputted to the Signal input terminal 
201 in synchronism with the clock CLK, and the clock CLK 
is applied to the clock input terminal C of the address 
counter 650. As a result, the output signal of the address 
counter 650 is rendered to be “OO1 indicative of the first 
address. Consequently, the Second Sampling data D is 
written and held in the second memory 612. At that time, in 
the first memory 611 of the storage section 610, the first 
Sampling data Do which has been written thereto in the first 
operation State is held as it is. The despreading codes Stored 
in the despreading code Sequence shift register 620 are 
shifted in synchronism with the clock CLK. As a result, the 
despreading code Co which has been shifted to the first 
despreading code flip-flop 621 in the first operation State is 
shifted to the Second despreading code flip-flop 622, and the 
despreading code Cl which has been Stored in the eighth 
despreading code flip-flop 628 is shifted to the first 
despreading code flip-flop 621. Consequently, multiplication 
of the Second Sampling data D by the despreading code Co 
is carried out in the Second multiplier 632, and multiplica 
tion of the first Sampling data Do by the despreading code C 
is carried out in the first multiplier 631. Accordingly, an 
output signal indicative of a value of DXC is outputted 
from the Second multiplier 632, and an output Signal indica 
tive of a value of DoxC is outputted from the first multiplier 
631. Subsequently, a similar operation is repeated until the 
Seventh operation State. 

In the eighth operation State, an eighth Sampling data D7 
of the digital Signal I, is inputted to the Signal input terminal 
601 in synchronism with the clock CLK, and the clock CLK 
is applied to the clock input terminal C of the address 
counter 650. As a result, the output signal of the address 
counter 650 is rendered to be "111" indicative of the seventh 
address. Consequently, the eighth Sampling data D7 is writ 
ten and held in the eighth memory 618. At that time, in the 
first to seventh memories 611-617 of the storage section 
610, the first to seventh sampling data Do-D which have 
been written thereto up to the Seventh operation State are 
held, respectively. Also, the despreading codes Stored in the 
despreading code Sequence Shift register 620 are shifted in 
Synchronism with the clock CLK, So that the despreading 
codes C7-Co are Stored in the first to eighth despreading 
code flip-flops 621-628, respectively. Thereby, multiplica 
tion operations of the first to eighth Sampling data Do-D, of 
the digital signal I, which are held in the first to eighth 
memories 611-618 of the storage section 610, by the 
despreading codes C-C which are stored in the first to 
eighth flip-flops 621-628 of the despreading code Sequence 
shift register 620 are carried out in the first to eighth 
multipliers 631-638, respectively. As a result, an output 
Signal indicative of a value of D7xCo is outputted from the 
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eighth multiplier 638, an output signal indicative of a value 
of DXC is outputted from the seventh multiplier 637, an 
output signal indicative of a value of DXC is outputted 
from the sixth multiplier 636, an output signal indicative of 
a value of DXC is outputted from the fifth multiplier 635, 
an output signal indicative of a value of DXC is outputted 
from the fourth multiplier 634, an output signal indicative of 
a value of DXCs is outputted from the third multiplier 633, 
an output signal indicative of a value of DXC is outputted 
from the Second multiplier 632, and an output Signal indica 
tive of a value of DoxC, is outputted from the first multiplier 
631. 
Through the above operation, multiplication operations 

necessary to determine a correlation value between the 
initial 8-Sampling data D7 De Ds D. D. D. D. Do of the 
digital signal I, and the 8-bit despreading code sequence C. 
C. C C C C Co are all carried out. 

In the ninth operation State, a ninth Sampling data Ds of 
the digital Signal I, is inputted to the Signal input terminal 
601 in synchronism with the clock CLK, and the clock CLK 
is applied to the clock input terminal C of the address 
counter 604. As a result, the output Signal of the address 
counter 604 is rendered to be “000 indicative of the O-th 
address. Consequently, the ninth Sampling data De is written 
and held in the first memory 611. At that time, in the second 
to eighth memories 612 to 618 of the storage section 610, the 
Second to eighth Sampling data D-D, which have been 
written thereto up to the eighth operation State are held, 
respectively. Also, the despreading codes Stored in the 
despreading code Sequence Shift register 620 are shifted in 
Synchronism with the clock CLK, So that the despreading 
code Co is shifted to the first despreading code flip-flop 621, 
and the despreading codes C-C are shifted to the second 
to eighth despreading code flip-flopS 622-628, respectively. 
Thereby, multiplication of the ninth sampling data D. of 
digital Signal I, held in the first memory 611 of the Storage 
section 610 by the despreading code C shifted to the first 
despreading code flip-flop 621 of the despreading code 
sequence shift register 620 is carried out in the first multi 
plier 631, and multiplication operations of the Second to 
eighth Sampling data D-D, of digital signal I, held in the 
second to eighth memories 612-618 by the despreading 
codes C7-C shifted to the Second to eighth despreading 
code flip-flops 622-628 of the despreading code Sequence 
shift register 620 are carried out in the second to eighth 
multipliers 632-638, respectively. As a result, an output 
Signal indicative of a value of DXC is outputted from the 
first multiplier 631, an output Signal indicative of a value of 
D., xC is outputted from the eighth multiplier 638, an 
output signal indicative of a value of DXC is outputted 
from the seventh multiplier 637, an output signal indicative 
of a value of DXC is outputted from the sixth multiplier 
636, an output Signal indicative of a value of DXC is 
outputted from the fifth multiplier 635, an output signal 
indicative of a value of DXCs is outputted from the fourth 
multiplier 634, an output Signal indicative of a value of 
DXC is outputted from the third multiplier 633, and an 
output signal indicative of a value of DXC, is outputted 
from the second multiplier 632. 
AS a result, multiplication operations necessary to deter 

mine a correlation value between the 8-sampling data D D, 
D. D. D. D. D. D., which is one Sampling after the initial 
8-sampling data D, D. D. D. D. D. D. Dot by the 8-bit 
despreading code Sequence C, C, Cs C C C C Co are all 
carried out. Subsequently, a similar operation is repeated. 

Each of the first to fourth adders 641-644 is an adder for 
6 bits+6 bits, and outputs an output signal of 7 bits. Each of 
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the fifth and sixth adders 645 and 646 is an adder for 7 bits+7 
bits, and outputs an output signal of 8 bits. The Seventh 
adder 647 is an adder for 8 bits+8 bits, and outputs an output 
signal of 9 bits. In the first adder 641, addition of the output 
signal (6 bits) of the first multiplier 631 and the output signal 
(6 bits) of the second multiplier 632 is carried out. In the 
second adder 642, addition of the output signal (6 bits) of the 
third multiplier 633 and the output signal (6 bits) of the 
fourth multiplier 634 is carried out. In the third adder 643, 
addition of the output signal (6 bits) of the fifth multiplier 
635 and the output signal (6 bits) of the sixth multiplier 636 
is carried out. In the fourth adder 644, addition of the output 
signal (6 bits) of the seventh multiplier 637 and the output 
signal (6 bits) of the eighth multiplier 638 is carried out. In 
the fifth adder 645, addition of the output signal (7 bits) of 
the first adder 641 and the output signal (7 bits) of the second 
adder 642 F>t=is carried out. In the sixth adder 646, addition 
of the output signal (7 bits) of the third adder 643 and the 
output signal (7 bits) of the fourth adder 644 is carried out. 
In the seventh adder 647, addition of the output signal (8 
bits) of the fifth adder 645 and the output signal (8 bits) of 
the Sixth adder 646 is carried out. As a result, a correlation 
value MFOUT between the digital signal I, and the 
despreading code Sequence C, C C C C C C Co is 
obtained and outputted to the outside through the output 
terminal 605. 

In the foregoing description, each despreading code con 
Stituting the despreading code Sequence C, C, Cs C. C. C. 
C Co is of 1 bit. However, the number of bits of each 
despreading code constituting the despreading code 
Sequence C C C C C C C C may Sometimes be two 
or more (provided that the bit number of each despreading 
code is Smaller than that of the digital signal I). For 
example, each despreading code may be of 2 bits to indicate 
1, 0, -1. When the bit number of each despreading code is 
two or more, a despreading code Sequence shift register 
constructed of a recursive tapped shift register using 8 
flip-flop Sets each including two or more flip-flops connected 
in parallel to each other may be used in place of the 
despreading code Sequence shift register 620 shown in FIG. 
10. 

Each of the first to eighth multipliers 631-638 may not 
necessarily be a multiplier constructed of a logical circuit 
but may be means for outputting the same multiplication 
result (for example, a circuit which outputs an input signal 
as it is when the despreading code is “1”, and which inverts 
the code bit of the input signal and outputs a resulting Signal 
when the despreading code is “0” (multiplication of coeffi 
cient -1)). 
When an eight-times spread 16-order digital matched 

filter is constructed by using the FIR 2-times over-Sampling 
interpolation digital filter as shown in FIG. 8, a Storage 
Section including 16 memories may be used in place of the 
Storage Section 410, and a counter for Sequentially desig 
nating addresses of the 16 memories may be used in place 
of the write selection circuit 430. 
When a digital matched filter is constructed which deter 

mines a correlation value between the over-Sampled digital 
Signal as shown in FIG. 9 and the despreading code 
Sequence, two storage Sections each including 8 memories 
may be used in place of the first and Second storage Sections 
510 and 530, and two counters for sequentially designating 
addresses of the 8 memories of the 2 Storage Sections may 
be used in place of the first and Second write Selection 
circuits 520 and 530. 

INDUSTRIAL APPLICABILITY 

AS has been described hereinbefore, in the digital 
matched filter of the present invention, consumption power 
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can be reduced more greatly than in the conventional 
matched filter, and the filter can be constructed of only the 
digital circuits. Accordingly, by utilizing the digital matched 
filter of the present invention, LSI formation can be facili 
tated together with the peripheral circuit for digital Signal 
processing and for example, the receiver for Spectrum spread 
communication can be reduced in size. 
What is claimed is: 
1. A digital matched filter for determining a correlation 

value between an N-bit digital Signal, which is Synchronous 
with a clock, and a digital code Sequence which includes M 
digital codes, comprising: 

a) first to M-th digital signal Storing means applied with 
Said N-bit digital Signal; 

b) digital write Selection means for Sequentially selecting 
Said first to M-th digital signal Storing means one by 
one in synchronism with said clock to store said N-bit 
digital signal in the Selected digital Signal Storing 
means, 

c) a recursive shift register for digital code sequence 
having first to M-th Stages of code flip-flops connected 
in cascade, and being operative in Synchronism with 
Said clock, wherein 
said M digital codes are stored in said first to M-th 

Stages of code flip-flops, respectively, and 
an output terminal of Said M-th Stage of code flip-flop 

is connected to an input terminal of Said first Stage of 
code flip-flop; 

d) first to M-th digital multiplication means for multiply 
ing output Signals of Said first to M-th digital Signal 
Storing means by output signals of Said first to M-th 
Stages of code flip-flops, respectively, and 

e) digital addition means for adding output signals of Said 
first to M-th digital multiplication means. 

2. A digital matched filter according to claim 1, wherein 
each of Said first to M-th digital signal Storing means 

includes N flip-flops which are connected in parallel 
and are operative in Synchronism with Said clock; 

Said digital write Selection means includes: 
a write Selecting recursive shift register having first to 

M-th Stages of write Selecting flip-flops connected in 
cascade, and being operative in Synchronism with Said 
clock, wherein an output signal of Said M-th Stage of 
write Selecting flip-flop being applied to Said first stage 
of write Selecting flip-flop; and 

upon Start of operation, a signal for Selecting Said digital 
Signal Storing means is Stored in desired one of Said first 
to M-th Stages of write Selecting flip-flops. 

3. A digital matched filter according to claim 1, wherein 
each of Said first to M-th digital signal Storing means 

includes N flip-flops which are connected in parallel 
and are operative in Synchronism with Said clock, and 

Said digital write Selecting means includes: 
first to M-th Stages of write Selecting flip-flops connected 

in cascade, reset before Start of operation, and operated 
in Synchronism with Said clock after Start of operation; 
and 

a digital Selection circuit outputting a Signal for Selecting 
Said digital Signal Storing means to Said first Stage of 
write Selecting flip-flop during only a period shorter 
than one period of Said clock after Start of operation, 
and outputting an output signal of Said M-th Stage of 
write Selecting flip-flop to Said first stage of write 
Selecting flip-flop after Said period has elapsed. 
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4. A digital matched filter according to claim 1, wherein 
Said first to M-th digital signal Storing means include first 

to M-th memories of N bits, and 
Said digital write Selecting means includes an address 

counter which counts Said clock to Sequentially output 
addresses of said first to M-th memories in synchro 
nism with Said clock. 

5. A digital matched filter for determining a correlation 
value between an N-bit digital signal, which is over-Sampled 
by a first clock having a frequency which is m-times as large 
as a Second clock, and a digital code Sequence which 
includes M digital codes, comprising: 

a) mixM digital signal storing means applied with said 
N-bit digital Signal; 

b) digital write Selecting means for Sequentially selecting 
Said mxM digital signal Storing means one by one in 
synchronism with said first clock to store said N-bit 
digital Signal in the Selected digital signal Storing 
means, 

c) first to M-th digital selection means dividing said mxM 
digital Signal Storing means by m to divide Said mxM 
digital Signal Storing means into M blocks to Sequen 
tially Select and output output Signals of Said m digital 
Signal Storing means included in Said M blocks within 
one period of Said Second clock, 

d) a recursive shift register for digital code Sequence 
having first to M-th stages of code flip-flops which are 
connected in cascade, and being operative in Synchro 
nism with Said Second clock, wherein 
said M digital codes are stored in said first to M-th 

Staged of code flip-flops, respectively, and 
an output terminal of said M-th stage of code flip-flop 

is connected to an input terminal of Said first Stage of 
code flip-flop; 

e) first to M-th digital multiplication means for multiply 
ing output signals of Said first to M-th digital Selection 
means by output Signals of Said first to M-th Stages of 
code flip-flops, respectively; and 

f) digital addition means for adding output signals of said 
first to M-th digital multiplication means. 

6. A digital matched filter according to claim 5, wherein 
each of Said mxM digital Signal Storing means includes N 

flip-flops which are connected in parallel and are opera 
tive in Synchronism with Said first clock, and 

Said digital write Selection means includes: 
a write Selecting recursive shift register having first to 
(mxM)-th stages of write Selecting flip-flops connected 
in cascade, and being operative in Synchronism with 
Said first clock, wherein an output signal of Said 
(mxM)-th stage of write Selecting flip-flop being 
applied to Said first stage of write Selecting flip-flop; 
and 

upon Start of operation, a signal for Selecting Said digital 
Signal Storing means is Stored in desired one of Said first 
to (mxM)-th stages of write Selecting flip-flops. 

7. A digital matched filter according to claim 5, wherein 
each of Said mxM digital Signal Storing means includes N 

flip-flops which are connected in parallel and are opera 
tive in Synchronism with Said first clock, and 

Said digital write Selection means includes: 
first to (mxM)-th stages of write Selecting flip-flops 

connected in cascade, reset before Start of operation, 
and operated in Synchronism with Said first clock after 
Start of operation; and 
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a digital Selection circuit outputting a Signal for Selecting 

Said digital Signal Storing means to Said first Stage of 
write Selecting flip-flop during only a period shorter 
than one period of Said first clock after Start of 
operation, and outputting an output Signal of Said 
(mxM)-th stage of write Selecting flip-flop to said first 
Stage of write Selecting flip-flop after Said period has 
elapsed. 

8. A digital matched filter according to claim 5, wherein 
Said mxM digital Signal Storing means include mxM 

memories of N bits, and 
Said digital write Selection means includes an address 

counter which counts said first clock to Sequentially 
output addresses of Said mxM memories in Synchro 
nism with said first clock. 

9. A digital matched filter for determining a correlation 
value between an N-bit digital signal, which is over-Sampled 
by a first clock having a frequency which is m-times as large 
as a Second clock, and a digital code Sequence which 
includes M digital codes, comprising: 

a) Serial/parallel conversion means for Serial/parallel con 
Verting Said digital Signal Serially inputted to output 
first to m-th digital Signals in parallel; 

b) first to m-th digital signal Storage means applied with 
Said first to m-th digital Signals from Said Serial/parallel 
conversion means, respectively, and having each M 
memory units, 

c) digital write Selection means for Sequentially selecting 
Said M memory units one by one in Synchronism with 
Said Second clock every Said first to m-th digital Storage 
means to Store Said respective first to M-th digital 
Signals in Said respective Selected memory units, 

d) first to M-th digital selection means for sequentially 
Selecting and outputting output signals of Said first to 
m-th digital signal Storing means within one period of 
Said Second clock every Said M memory units, respec 
tively; 

e) a recursive shift register for digital code sequence 
having first to M-th stages of code flip-flops which are 
connected in cascade, and being operative in Synchro 
nism with Said Second clock, wherein 
said M digital codes are stored in said first to M-th 

Stages of code flip-flops, respectively, and 
an output terminal of Said M-th Stage of code flip-flop 

is connected to an input terminal of Said first Stage of 
code flip-flop; 

f) first to M-th digital multiplication means for multiply 
ing output signals of Said first to M-th digital Selection 
means by output Signals of Said first to M-th Stages of 
code flip-flops, respectively; and 

g) digital addition means for adding output signals of Said 
first to M-th digital multiplication means. 

10. A digital matched filter according to claim 9, wherein 
each of said M memory units of said first to m-th digital 

Signal Storing means includes N flip-flops which are 
connected in parallel and being operative in Synchro 
nism with Said Second clock, 

Said digital write Selection means includes: 
first to m-th write Selecting recursive shift registers each 

having first to M-th write Selecting flip-flops connected 
in cascade, and being operative in Synchronism with 
Said Second clock, wherein an output signal of Said 
M-stage of write Selecting flip-flop being applied to 
Said first Stage of write Selecting flip-flop; and 

upon Start of operation, Signals for Selecting Said M 
memory units of Said first to m-th digital Signal Storing 
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means are stored in desired ones of said first to M-th 
Stages of write Selecting flip-flops of Said first to m-th 
write Selecting recursive shift registers, respectively. 

11. A digital matched filter according to claim 9, wherein 
each of said M memory units of said first to m-th digital 

Signal Storing means includes N flip-flops which are 
connected in parallel and are operative in Synchronism 
with Said Second clock, and 

Said digital write Selection means includes: 
first to m-th write Selecting shift registers each having first 

to M-th Stages of write Selecting flip-flops connected in 
cascade, reset before Start of operation, and operated in 
Synchronism with Said Second clock after Start of 
operation; and 

first to m-th digital Selection circuits for Outputting Signals 
for selecting said M memory units of said first to m-th 
digital signal Storing means to Said first to M-th Stages 
of write selecting flip-flops of said first to m-th write 
Selecting shift registers, respectively, during only a 
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shorter period than one period of Said Second clock 
after Start of operation, and for outputting output Sig 
nals of Said M-th Stages of write Selecting flip-flops of 
Said first to m-th write Selecting shift registers to Said 
first stages of write Selecting flip-flops of Said respec 
tive first to m-th write Selecting shift registers after Said 
period has elapsed. 

12. A digital matched filter according to claim 9, wherein 
each of said M memory units of said respective first to 

m-th digital Signal Storing means includes a digital 
Signal Storing memory of N bits, and 

Said digital write Selection means includes an address 
counter for counting Said Second clock to Sequentially 
output addresses of Said digital Signal Storing memories 
in Synchronism with Said Second clock every said first 
to m-th digital Signal Storing means. 


